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THE exalted station which you have, 


during so many years, filled in the Philo- 


| justly induced the illustri- 


to announce his valuable dis- 
coveries in’the Science of Galvanism un- 
der the sanction of your name. In being 


permitted to present to the world my com- 


paratively trivial labours under the same ™ 


distinguished sanction, I have the good. 
i 


~ 7 * 
fortune to secure for them a degree of at- 


tention, to which they might not have been 


: i 


entitled by their own merit. rey 


Partial to the’ subject ‘On- which f&, 


treat, I had singular satisfaction to per- 


‘ ceive, in the Letter with which you lately 


honoured me, that. you duly appreciate 


its importance; that you consider it as 


(2: 7 highly - 


a 


Civ.) 
highly interesting, and its cultivation as 
promising the most important results to 
mankind. 
Should this History of its Progress, and 
this attempt to arrange its interesting Ex- 
periments into a regular system, render the 


study of this Science more peers), and 


cause its future improvement to 


keep. pace 
with the past, I shall: consider the time 
which I have devoted to it as profitably 
employed. 

With every sentiment of gratitude for 
the distin@tion which, on this occasion, 
you have honoured me, 

Iam, 
SIR, 


Your devoted humble Servant, 


C. H. WILKINSON, 


19, Soho-Square. 
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‘THE celebrated PrirestLey has shewn 


- +with what effect the study of several 
be branches of useful Science may be facili- 


1is historical accounts of their. 
‘rise, progress, and present state. Of the 
two methods of teaching Science, the Syn- 
thetical is, beyond all question, preferable 
to the Analytical; or, in other words, 
Science is the most rapidly conceived by a 
novice, when developed by the same steps 
as those by which it first became known to 
mankind. An example of this easy method 
of acquiring knowledge, is furnished by. 
the first Part of the present Work; and an . 
ilustration of the successive principles will 
be found in the experiments detailed in the 
Fest Part, « 

Soon after the important experiments of 
GALVANI were announced, they were re- 
peated and diversified by the most eminent 
Physiologists in every part of Europe. Their 
yl 2 Opis 
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opinions having»been diffused through dif- 
ferent philosophical publications, the se- 
Jeétion and arrangement of such of tnem as 
have been deemed worthy of the Reader’s 


attention, have been ait ei in this pre- 
sent W ork. 


Britis Journals, have been | 
amined, as well as the ingenious ; pro uc 
tions of Suz, Rerinnoxip, and Humpo.tpr: 
the excellent periodical productions, the 
Medical and Physical fournal, and the Jour- 
nals of Messrs. NrcHoLtson and TiLiLocuw, 


have proved the source of many useful 


observations; and the Conductors have, 
with a truly philosophical hberality, per- 
mitted the freedom of making every ex- 


- traét which might be deemed requisite for 


this Publication. | 
These materials I have not arranged 
systematically, but have principally been 
governed by the era of the original disco- 
very. I have divided the Work into the 
two epochs which appeared the most in- 
teresting; therfirst consisting of the various 
e disco- 


gal hers ee 


The valuable Essays which are diffused 
through the French, Italian, EME and ss 


, = - * 
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4 discoveries, trom the period of Caan 
- to that of MBI oleate ‘Pile ; when the se- 
cond epoch commences, and is carried 
down to the present time. | ‘ 
The Historical Details constitute the 
first Volume, and part of the second. 


_ . ~The remaining portion I have devoted to 


. 06 abs ae of that particular theory 
whi . 1 hay ve for some time entertained, 
and h ve adhered to the arrangement which 
* I ote ailly made for the Leétures I have 
given upon this subject. | 
I have endeavoured to demonstrate the 
principles of Galvanism by those of Elec- 
tricity. As, on this latter subject, I have 
. presumed to entertain opinions contrary to 
those generally admitted, it has appeared 
to me absolutely necessary to set out by 
stating these opinions, before I should en- 
ter on the Elements of Galvanism. 

On this account it is that, after having 
closed the-History, I have commenced the 
Elementary Part by several Chapters on 
Electricity, with a'view to the explanation 
of certain points, on which my ideas will 
be found to be somewhat novel. 
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a 
This Work is illustrated by various Plates ; 


and such descriptions and explanations are 
introduced, as will enable every attentive 
reader to construct his own Apparatus, and 
to repeat with facility any of the Experi- 
ments. In the medical application of Galva- 
nism, I believe no person in England has 
been more extensively engaged than myself; 
the results of my observations materially dif- _ 
fer from those of the Continental Praétition- _ 
ers. In many instances I have derived from 
its employment the greatest advantage ; 
while, in many others, I have found it 
productive of no good effect. In some 
cases, I am even led to think it rather 
injurious than beneficial. 

When, in the first instance, I entered on 
the medical application of this principle, 
I was led by the accounts of GRAPENGIEs- 
SER, and other foreign Physicians, to:.€n- 
tertain the most sanguine hopes that it 
would prove one of the most active reme- 
dies we possess. Experience has taught me 
that my expectations were too ardent. It 
is probable, however, that my failure, in 

the 
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the cases in Which it has been successfully 
employed abroad, may have originated 
from some circumstances of which at pre- 
sent I am not aware. I therefore trust that 
the statement | have made, will not discou- 
_ rage other Practitioners from its use, as it 
Bois only from the united labours of Profes- 
: sional Gentlemen, that its real utility can 
og e ascertained. "he 
; ‘There are many complaints, in which I 
i have found the principle of Galvanism a 
| most beneficial and powerful stimulant, 
ereatly superior to any effects I ever experi- 
enced from Ele¢tricity. At a first view it 
may appear contradictory, on a supposi- 


tion that both the principles are the same; 


that Galvanism, which is merely a weaker 
| intensity of Electricity, should, notwith- 


standing, prove most active on the animal. 


frame. ‘The reason of this I have attempt- 
ed to explain ;. and I am induced to think 


that the influence of Galvanism solely de-. 
pends on the important agency it exercises _ 


in animal substances. 
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HISTORY OF GALYANISM. 


Poked (1. 


4. aie CHAP, 1. 


The conjettures and hypotheses which were formed 


prior to the discovery of Gatvani—Succinét 
account of his life—The inerdent which led him 
to the discovery of Galvanism—His experiments 
and conclusions—His hypothesis explained— 
Comlated by other naturalists—Its application 
to medicine—Interesting observations made by 
Gatvani on the electricity of the torpedo. 


of the phenomena, since called galvanie, is 

in a work by Suirzer, published in 1707, under 
the title of ‘‘ The General Theory of Pleasures.” 
The experiment explained by this writer, al- 


though distantly connected with the succeeding 


experiments, which we shall hereafter have occa- 
‘sion to describe, is so exceedingly simple, and 
may be made with so much ease, that it shall be 
given to the reader in his own words. 
“< If,” observes SuLTZER, ‘‘ two pieces of metal, 
VOL. I. B the 


HE first printed notice which is to be found 
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the one of lead and the other of silver, be joined to- 
gether in such a way as that their respective edges 
may form but one plane, andif they be thus placed 
on the tongue, a taste will be perceived pretty 
similar to that of vitriol of iron; at the same 
time that either of these pieces of metal, when 
separately applied, does not leave any vestige of 
such a taste, It is not likely that, by this con- 
junction of two metals, a solution of either of 
them can take place, and that the particles dis - 
solved in this way can penetrate into the tongue, 
It must therefore be concluded, that the con- 
junction of these metals produces on the one, or 
on the other, or, perhaps, on both, a vibration 
of their particles, which must necessarily affect the 
nerves of the tongue, and bring about the above- 
mentioned pleasurable sensation.”’ In citing this 
experiment, the author aims at the illustration 
of the principles he lays down relative to the 
sensations, the first of which is, that ‘* the mind 
is destitute of all sensation, without an analogous 
movement in the sensible nerves, in which the 
essence of the senses in general resides.’’ His 
second principle is, that ** every total sensation 
consists of a great number of momentaneous 
sensations, which succeed each other with such 
a rapidity, as not to admit any perception of the 
very minute spaces of time that elapse between 
them,” The work of Fazronz on metallic irri- 

tation, 
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tation, and on the chemical action of the differ- 
ent metals on each other, founded on. this 
experiment of Suttrzer, will be analyzed in the 
sequel. 

A fact conneéted with the science of belvarii aon 
but anterior to its discovery, is related by M. 
Corveno, in the following manner * ; A medi- 
cal student, feeling a smarting sensation in the 
lower extremity of his leg, applied his hand to 


the part, and caught a mouse, by which he had 


been bitten. Having killed the little animal, he 


resolved to dissect it, and, touching with his 


knife a particular nerve (the intercostal), was not 
a little surprized to feel an electrical sensation 
sufficiently powerful to benumb his hand. 

In reasoning on this fact, M. Vassatii, mem- 
ber of the Royal Academy of Turin, conjectured 
that Nature is provided with some means to pre= 
serve and retain’ the electricity accumulated in 
any given part of the body of a living animal, to 
the end that she may employ it when occasion 


may serve. ‘l’o confirm this opinion, he accord- 


ingly made several experiments, by which his 
theory seems to have been in some measure esta- 
blished, and the details of which were published 
in 178Q. Several naturalists had already conceived 


* Journal Encyclopedique de Bologne, No, VIII. 1780. 
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an idea that the blood is animated by the electric 
fluid; while others subscribed to the opinion of 
Bripon, that the nervous and ele¢trical fluids are 
one and the same. Such were the conjectures 
and hypotheses which had been formed, when 
the celebrated Gavan, professor of anatomy 
at Bologna, instituted the experiments by which 
this subject has been so well elucidated, and 
which have suggested to physiologists new rea- 
sonings on muscular motion. 

A succinét account of the life of this profound 
naturalist, ought necessarily to precede the de- 
tails of the experiments which led to his im- 
portant discovery. It is extracted from the 
Memoirs of the Medical Society of Emulation 
of Paris. . 

Louis Gatvani was born at Bologna, on the 
oth of September, 1737, and commenced his 
studies at a very early age. Several of his nearest 
relatives had acquired much celebrity in theology 
and jurisprudence ; and it was, in a great mea- 
sure, under their tuition that he was instructed. 
Having completed his education, he took’ his 
degrees in physic; and soon after married the 
daughter of the learned Professor Gatrazztr. 
He was still young when he filled the chair of 
anatomical professor; and was very successful in 
comparative anatomy, more particularly in the 
dissection of birds; a treatise on the urinary 
| passages 
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passages of which, he published. In this tra&, 
he describes the position and form of the kidnies | 
of the different varieties of the -feathered race, 
their structure, envelopes, and substance, toge- 
ther with particular observations on the urinary 
bladder, ureters, emulgents, nerves, &c. 

Such were the pursuits of this profound natu- 
ralist, before he was led to the discovery of gal- 
vanism. ‘The latter part of his life was embit- 
tered by an uninterrupted series of calamities. 
After having spent thirty years with a wife 
whom he adored, and by whom he was equally 
beloved, he saw her expire in his arms. From 
a conscientious motive, he refused to subscribe 
to the civic oath required by the decrees of 
the Cisalpine Republic; and this scruple cost 
him the public employments he held, and the 
emoluments they brought with them. Death 
shortly after snatched from him, and that with- 
out allowing an instantof repose to the acuteness 
of his feelings, nearly the whole of his nearest 
and dearest relations. Finally, having himself 
been for a long time a prey to excruciating pains 
of the stomach, which were conjectured by his 
medical friends to proceed from an obstruction in 
the pylorus, this great man fell into a state of 
Janguor and decay, the rapid progress of which 
could not be checked by the professional skill 
and kind assiduities of two celebrated physicians 

B3 of 
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of Bologna, Cineari and Urrini. He died on 
the 4th of December, 1798, aged sixty years and 
about three months. : 

The incident which led him to the ib oiith 
of galvanism, or, as it has been otherwise deno- 
minated, animal electricity, has been variously 
related. The following account is drawn from 
a very respectable source, and appears to be 
nearest the truth. Gazvanr being one evening 
in. his laboratory, where he was employed in 
making experiments in the presence of a party 
of his friends, several frogs, which had been 
skinned, and were destined for soup, happened 
accidentally to be placed on a table, on which was 
also an eletrical machine; between the con- 
ductor and the frogs there was a certain space. 
One of the company, who assisted at the experi- 
ments, having brought, unintentionally, the point 
of a knife into contact with the internal nerves 
of the thigh of one of these animals, the muscles 
of the limbs were instantly and powerfully con- 
vulsed. The wife of Gatvani being present, 
was struck by the novelty of this phenomenon, 
between which, and the disengagement of an 
electrical spark, she fancied that there was an 
agreement in point of time. On her making 
this observation to her husband, he resolved to as- 
certain the truth of so extraordinary a fact, and 
accordingly brought the point of a scalpel, or dis- 

secting 
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seCting knife, in contact with the crural nerves of 
one of the frogs, at the same time that a spark was 
drawn from the electrical machine. The result 
was, that the same contractions were manifested. 
As it was possible that they might have been 
owing to the simple contact of the scalpel, 
which might serve as a stimulant, tather than to 
the disengagement of the spark, Gatvant, 
to clear up this doubt, touched the same 
nerves of several of the frogs, while the elec- 
trical machine was in a state of rest. The con- 
tractions which had heretofore been observed did 
not ensue. | 
From this phenomenon Gatvanr drew the 
following conclusions. The necessity of a con- 
ducting body for the production of the pheno- 
menon in question. The advantage which results 
from giving a certam extension to the conduc- — 
tor, to produce the contractions. The various 
directions of the eleétrical influence, and the 
utility of the application of conducting bodiés to 
the muscles. The efforts made to prevent the - 
passage of the electricity. And, lastly, the proofs 
which had been obtained, that the communicated 
electricity is transmitted through the substance 
itself of the conductors. Having repeated his 
experiments with great assiduity, he was led, not 
merely to ascribe to electricity the phenomenon 
of the muscular contractions of frogs, but also 
BA to 
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to determine, to a certain extent at least, the 
laws by which this species of electricity is go- 
verned *. 

This property of the spark, by which muscu- 
lar contractions are excited, inspired GaLvanr 
with a wish to examine whether the battery of 
Frankurn, when discharged, would be capable 
of exciting contractions of a still more powerful 
nature. His attempt, however, proved ineffec- 
tual. He afterwards made experiments with 
negative electricity, and for this purpose had 
recourse to the electrophorus of Votta. He 
endeavoured to intercept the course of the 
electric fluid, which acts on the animal or on 
its conductors. ‘To the end that he might 
come to a more direct and precise knowledge 
of his subject, he operated on the living animal, 
and obtained weaker commotions than when the 
animals subjected to his experiments were dead. 
“In this investigation he cut off the communica- - 
tion of the surrounding air; and having made 
echoice of animals with warm blood, namely, 


i 


* It is remarked by Prarr, in his work entitled Uler 
Thierische Eleétricitaet und Reitzbarkeit, p.333, that the origin 
of the muscular contractions of frogs is explained by the stimus 
Jating force of common eledtricity, which acts, in this instance, 
by communication ; and that it is unnecessary to have recourse 
to an animal eleCtricity, in seeking to explain such a pheno- 
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fowls and lambs, found that the results were in- 
variably such as he had obtained when his ex- 
periments were made on cold-blooded animals. 
The nerve having been dissected, and care- 
fully separated from the surrounding parts, he 
applied to it the conductor, and, on the dis- 
charge of the electric spark, the contraQions 
were instantly manifested. 3 

The numberless trials made by the learned 
Professor of Bologna seem to demonstrate, that 
among living animals those are in general the 
best calculated to manifest the contractile move- 
ments, who are of a more advanced age, as well 
as those whose muscles are of a whiter substance. 
The success of the experiments depends much, 
however, on the mode in which the animal is 
_ prepared *.” 

Having made these discoveries on the influence 
of artificial electricity on animals, GALVANTI next 
endeavoured to ascertain, whether the electricity 
of lightning would be productive of the same ef- 
fefis in the movements of the muscles. ‘The 


* ArrBerrt, the eloquent writer of the eulogy on GaLvant, 
from which this article is extraCted, in speaking of the irrita- 
bility of frogs, observes, that it is not every where the same, 
and that there must necessarily be a variety in the results of 
the experiments, according to the different countries, those of 
urope even, where these experiments are made. 
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result of these experiments was precisely the sameé 
as in the application of the former; and he 
found that the contra@ions augmented in prot 
portion to the intensity of the flashes of light- 
ning, and to the proximity of the electrified 
cloud. 

The most interesting, as well as the most 
useful of the epochs by which the glorious enter- 
prizes of Gatvani are marked, is the one in 
which he demonstrated, by a variety of inge- 
nious experiments, the influence of metals on 
the movements of the muscles, whether in the 
open air, or in a confined atmosphere. He be-. 
gan to suspect the possibility of an appropriate 
and inherent electricity in the system of animals, » 
and conjectured that the nervous fluid passes 
from the nerves to the muscles, by a law analo- 
gous to the one which governs electricity in the 
experiment of the Leyden phial. He employed 
.successively a repressing are and a conduéting 
arc, the latter of which excited the contra¢tions, 
‘while it was impossiblé to produce them by the 
means of the other. Similar contractions were 
excited, and were in many instances still more 
powerful, when, instead of a single arc, two were 
employed. They were so disposed as to touch, 
each by one of its extremities, the one the nerves, 
the other: the muscles of the animal, while the 
two remaining extremities were brought toge- 

| | ther 
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ther and connected at will. To produce the de- 
sired phenomenon of contractions, GALVANI 
thought it essential to employ different metals ; 
and in this way he was enabled to ascertain the 
influence of similar or dissimilar metals on the 
contractions which ensued. 

It was no less important to inquire, whether 
these contractions resulted from the positive 
or from the negative electricity; and whether, 
‘in such a case, this principle is latent in any single | 
and homogeneous metal, or is inherent in the 
animal. Ganvawi made his experiments in dif- 
ferent media, or intervening substances, and con- 
vinced himself that water performs a function 
analogous to that of the arcs, but that this ob- 
servation does not apply to oil. Hence he con- 
sidered himself as justified in the conclusion that 
two states of electricity are contained in the ani- 
mal, one of which resides in the muscles, the 
other in the nerves; or, perhaps, that both of « 
them reside equally in each of these component 
parts of the animal economy. His next endea-_— 
your was to ascertain the true seat of this elec- 
tricity, and more particularly the nature of that 
which resides in the nerves. He accomplished 
this, by noticing the influence of the extent of 
the surfaces of the coatings on the intensity of 
the muscular contractions, zi 
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After a variety of researches on the true seat 
of electricity in the animal system, Ganyant 
examined the relations which subsist between 
that electricity and the electricity properly so 
called. He examined the various degrees of the 
conducting property, as it exercised itself on the 
different substances employed in the experi- 
ments, and in following up his inquiries into this 
property, as it acts on the different parts of the 
animal, found it to reside both in fluid and solid 
bodies, but not in oleaginous liguids. 

It is not difficult to conceive, that the earliest 
author of Galvanic experiments should also be 
the first to establish an hypothesis on the phe- 
nomena he had noticed. Although the one 
which Gatvani has formed has been adopted 
by a very inconsiderable number of naturalists, 
while it has been combated by several others, 
and absolutely rejected by the great majority, 
still there are two powerful reasons why it should 


not be passed over in silence, seeing that it 


forms a part of the labours of this profound and 
sagacious inquirer, and that, when # was con- 


ceived by him, he flattered himself that he had 


discovered one of the most important secrets of 
animal organization, and of animal life. In en- 
tering on the subject of this hypothesis, it ought 
to be observed, that the authors who have treated 
of galvanism may be classed under two distinct 

| sections, 
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sections, relatively to the theoretical ideas they 
have entertained. While a part of them have, 
in common with Garvant, been enabled to dis- 
cover in galvanism nothing more than a pheno- 
menon essentially dependent on the parts of the 
animal; the others, at the head of whom Voira 
may be placed, have considered the galvanic 
action as a general phenomenon of Nature, 
which manifests itself solely by the intervention 
of the irritable and sensible fibre, and is not 
subordinate to the vital energy. In the phy- 
sical sciences the facts are immutable; but the 
hypotheses which are employed to explain the 
mode by which they are generated, are suscep- 
tible of an infinite variety. 


9 


<¢ The nerves,” observes Ganvanr, ‘* which 
are distributed in the different parts of the mus- 
cular system, and which receive or transmit the 
eleGrical fluid, have all of them a common origin 
in the cerebral organ; and it is not probable that 
these nerves, the structure of which is-so varied 
in the universal economy of animals, should be | 
the secretory organs of an homogeneous fluid, 
such as the one destined to excite the muscular. 
contractions.” He consequently supposes, in 
the first place, that all animals are endued with 
an inherent electricity appropriate to their eco- 
nomy, which electricity, secreted by the brain, 
resides especially in the nerves, by which it is 


comMm- 
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communicated to every part of the body. And, 
secondly, that the principal reservoirs of this 
| electricity, which he calls animal, are the mus- 
cles, each fibre of which ought to be considered 
as having two surfaces, and as possessing on. this 
‘account, both a positive and a negative electri- 
city, at the same time that it, in a manner, 
represents a small Leyden phial, the nerves 
with which it is provided being the conduc~ 
tors. , 

The mechanism of the various movements is 
explained by Garvant in the following manner : 
The electrical fluid is drawn and attracted from 
the interior of the muscles into the nerves, from 
whence it afterwards passes to the external sur- 
face of the muscles; insomuch, that each dis- 
charge of this description of electrical phial ig 
followed by a muscular contraction, which is the 
effect of the stimulus produced by the electricity. 
He was strengthened in this conjeCure by the 
perfec: analogy he fancied he could perceive 
between the phenomena of the Leyden phial in 
electricity, and the muscular contractions. How- 
ever this parallel may have been since weakened 
by a few isolated facts, or rather, by the. cons 
clusions which have been drawn from them, it is 
- certain that there is a tis similitude in the 
principal points. 


It would have been equally fortunate for Gat. 
VANI, 
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yaNI, and for the medicinal science, if, with the 
powerful resources of his inventive genius, he had 
succeeded. in the principal extensions he gave to 
his first hypotheses, in the investigation of the 
causes of diseases, and had realized his particular 
ideas relative to the production of rheumatic 
affections, of the nervous sciatica, and of con- 
vulsions and tetanus. ‘These ideas, and their 
application to medicine, will be developed in the 
sequel of this work. In conformity to the theory 
he had established, he endeavoured to explain 
the proximate cause of paralysis, apoplexy, and 
epilepsy; and was of opinion that the good 
effects resulting from the administration of va- 
_ rious. remedies in the above diseases, and, among 
them, the application of artificial electricity, 
were, in certain cases, to be ascribed to the 
mode of action of these remedies on the animal 
fluid, whatever might be the change brought 
about in the state of the latter. . It therefore 
appeared to him that the physician ought to’ be 
governed by this intention of cure, in the treat- 
ment of his patient; and, in the case of convul- 
sive diseases, he considered that it was of the 
highest importance, to inquire which of the 
two states of electricity, the positive or the ne- 
gative, it would be most expedient to employ. 
After having described the new mode of apply- 
_ ing the latter of these states of eleGtricity, which 
| he 
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he found of great utility in rheumatic and other 
analogous affections, Gatvanr proceeded to ex- 
patiate on the advantages which might result, un- 
der similar circumstances, from the electricity of 
the atmosphere in stormy weather, provided the 
utmost caution and prudence should be observed 
in arming with conductors the affected part. It 
was in this way that he explained the sudden and 
extraordinary recovery of the use of the limbs, in 
cases of paralysis, in consequence of the light- 
nine having burst at a very inconsiderable dis- 
tance from the spot where the persons labouring 
under the paralytic affection resided. Are not, 
however, these spontaneous cures, supposing 
them to have happened, rather to be ascribed to 
the emotion of terror, which a loud clap of thun- 
der excited in the suffering individual ? To such 
a cause may be ascribed the case related in the 
physiology of Dumas, of the cure of a man, 
‘who, at the time his house was on fire, recovered 
the use of his feet, by the consternation into 
which he was thrown. 

it has already been remarked, that the theory 
of Garvanr met with several adversaries among 
those even who hadadmired and repeated his beau- 
tiful experiments. One of the most redoubtable 
of his antagonists, was the celebrated Professor 
Vortra, who made several ingenious attempts, 
to prove that there does not exist a particular 
electricity 


Le he 
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electricity inherent in the system of animals, and 
that the living body ought simply to be considered 
as a humid substancce or conductor. . In’ two 
memoirs addressed to SPALLANZANI, GALVANI 
replied ‘to the objections of Voura, and, esta- 
blished, by new-experiments which are there de- 
scribed, the numerous’ characteristics which, in 
conformity to his theory, mark the differences and 
distinGions b>tween animal eleCtricity and:com> 
mon electricity. Edis arguments were «princi 
pally founded on the phenomena of the muscular 
contractions, which may be manifested inde+ 
pendently of the heterogeneity of the metallic 
substances, necessary in no other case, unless 
when frogs, the vitality of which had been weak» 
ened im a very considerable degree, were em- 
ployed in the experiments. He afterwards had 
recourse to non-metallic substances. as conduc- 
tors, and found that the immediate contact of 
the heterogeneous coatings was not absolutely 


— 


necessary to excite the contractile movements.: ;' 
To the new objections made to his theory, 
Gaxtvanr replied by new experiments, and «by 
‘the consequences he drew from them*.. After» 
having 


* Brucnaterri’s Annals of Chemistry and Natural His- 
_ tory, vol. xvi. contain two anonymous letters on galvyanism, or 
rather, according to the author, on the pretended animal ele“tri- 

VOL. I, 7 ished: city 
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having endeavoured to prove that all the pheno- 
mena of animal-tlectricity depend on a particular 
citcle established in the muscle, by the means of 
the nerve and the arc, he developed the manner 
in which this circle is effeCted ; and having dwelt 
on the analogy between the laws by which it is 
poverned, and those of the Leyden phial, elec- 
tric battery, &c. he endeavoured to demonstrate 
the reality of this circle under all the circum- 
stances m which it is brought about, and to 
prove that it follows the route of electricity in 
proportion as it runs through the parts sub- 
jected to experiment. ‘This is the aim he had in 
view when he published a memoir replete with 
curious and interesting facts, which would not, 
however, be well comprehended without the 
plates by which they are accompanied. 
Professor Prarr, of Kiel, displayed much 


* city said to result from the galvanic experiments. The auther 
defends the opinion of Vonra on the nature of the galvanic - 
fluid, and endeavours to prove that its effets are precisely the 
same with those of natural electricity ; that this fluid is excited 

: by the contact of different conductors of various descriptions, 
but principally by that of metallic conductors, that it may be 
rendered positive and negative ; and, lastly, that it can be mea- 
sured with the eleCtrometer. This defence of Voxra is prin-_ 
cipally levelled against Gatvanr himself, he having recently 
published a work in which he insisted on the peculiar nature of 
the fluid he had discovered, 


ability 
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ability in the attempts he made to refute the 
opinion of Gatvani. He endeavoured to prove 
that the idea of a positive and negative electri- — 
city in the interior and exterior of the muscles, 
is not founded on any decisive fact, and that the 
greater part of the galvanic phenomena are either 
not to be explained by this theory, or are di- 
rectly opposed to it. The professor of Bologna, 
observes Prarr, establishes a circulation of posi- 
tive electricity from the interior of the muscles to 
the exterior, by the means of coatings and other 
conductors, and fancies that it is owing to the 
re-establishment of the equilibrium. between the 
internal and external parts, by the means of this 
positive electricity, thus brought into action, that 
the muscular contraction is produced. All the 
experiments, however, in which the two coatings | 
are applied to the nerve only, without its having 
been moistened, or in a desiccated state, and 
without a correspondence being kept up between 
it and the muscle by a conductor, are in a man- 
ner contrary to the hypothesis of GALVANt. 

The experiments, continues the professor of 
Kiel, on the effects of the ligatures of the nerves, 
are likewise so many objections to his theory. 
The crural nerve being isolated, and bound in the 
middle, and the coating applied above the liga- 
ture, the contractions are manifested when an 
exciting arc of another metal is brought in con-_ 

Cc 2 tact, 
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tact, either with the nerve above the ligature, or 
with the muscles and the coating, it being con- 
stantly Supposed, that the arc necessary to the 
developement of the muscular contra¢tions is in 
this manner formed. It results from hence, that 
in this case, the Hgature does not intercept the 
circulation from the interior to the exterior, &c. 
Another’ obje@ion made to the theory of Gat- 
vant by professor Prarr,is founded on the con- 
tractions which are produced, as well at the in- 
stant when the ealvanic arc is closed, as at the 
‘moment when it is opened.. If these contrac- 
‘tions, He ‘observes, take place at the moment 
when-a communication between the interior and 
‘the €xterior of the muscles is kept up by the 
‘galvanic arc, and the equilibrium between these 
‘parts of the muscles on that account necessarily 
re-established, it ‘is not casy to conceive how, | 
‘the re- establishment of the equilibrium having 
‘taken place, the effet should be the same as 
“when, an instant after, the galvanic arc is‘opened. 
This, however, he observes, is what constantly 
‘happens ; and there are even circumstances in 
which the effect is much mote powerful when the 
“arc is ‘opened than when it is closed; supposmg, 
“nevertheless, that this effect is concentrated on 

‘the force ‘ofthe contractions. 
According to the above naturalist, the theory | 
of GaLvant does. not explain the influence’ pro- 
s duced 
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duced by the diversity of the coatings, as well as 
by the manner of distributing them. to the nerves 
and the muscles, on the appearance and energy 
of the contractile movements... He is also of 
opinion, that it does not illustrate the experi- 
ments made on the organs of the senses, &c. &c. 
Such are the principal objections of professor 
Prarr to the theory of Gatvayz.. Since the 
mass of facts has been augmented by the united 
efforts of physiologists, many others, which will 
be detailed in their proper places, have been 
added. | | 
However his theory may have been combated, 
it is certain that the discovery of GaLvant has, 


from its origin upwards, given rise to several 


curious observations and interesting .discoveries, 
which it would be highly improper to pass over. 
By the experiments which have been made, it has 
been seen, in the first place, that the muscles of 
animals exposed to gangrenous miasmata are not 
contracted, at the same time that contractions 
are excited in the muscles of animals exposed to 
the action of the different gases and poisons. 
This proves, that the putrid miasmata attack the 
principle of irritability more powerfully, and with 
a more fatal effect, than do the poisons and the 
gases. Secondly, that drowned animals have 
been restored to life by the excitement in their 
system of the ation of the nervous fluid. This 
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is an additional proof, that in the cases of drowned 
persons, as well as in asphyxies, the principle of — 
irritability has been attacked. Thirdly, that ani- 
mals on whom a considerable number of experi- 
ments have been made, and who have conse- 
quently been exhausted, sooner become putrid 
than other animals. ‘This supplies an additional 
evidence in support of the opinion, that in pu- 
trid fevers the nervous fluid is either changed or 
diminished. Finally, the conjecture of M.Vanui, 
that the nervous fluid is not secreted from the 
blood, as appeared to be demonstrated by analo- 
gical reasoning, but is drawn from the atmosphere 
and from the earth, is in a great measure con- 
firmed. By this hypothesis it is not difficult to. 
explain, how it is that animals who have re- 
mained during several weeks without food, and 
without renewing their blood, have been enabled 
to preserve for so long a space of time the faculty 
of motion. 

It must, however, be acknowledged, that seve- 
ral of the phenomena of the galvanic fluid, and 
more especially the instantaneous mode in which 
it is transmitted, brought about and favoured as 
it is by certain substances, while it is prevented 
by others, establish a remarkable similitude be- 
tween the laws by which this fluid is governed, 
and those mherent in the matter of eleCtricity. 
It is at the same time equally certain, that other 

consi- 
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considerations, as will hereafter be seen, present 
themselves to destroy this identity, and to sepa- 
rate, in their essential qualities, these two indi- 
vidual properties. 

It has been seen above, that GALVANI made a 
considerable number of experiments, with a view 
to prove that a destruction of the equilibrium in. 
the eleétricity of living bodies, does not result 
from the heterogeneity of the metals or other 
substances with which the limbs of the animal 
may be coated. He went still farther, and en-_ 
deavoured not only to appreciate the aGtion and 
influence of this heterogeneity of the coatings on 
the intensity of the muscular contractions, but 
also to establish several conjectures drawn from 
the phenomena he had discovered and pointed 
out. In illustrating this subject, he remarked, 
that he had even obtained movements without a 
coating, and that by the simple application of 
the extremity of the arc, the diameter of which 
was almost insensible. He was of opinion, that 
the action of the heterogencity takes place ove 
the ele¢trical torrent, which, in condensing,’ 
must necessarily pass by the extremities of the 
arc. He afterwards tried to ascertain the na- 
ture of the mode of action of the heterogeneity 
of metals on the electrical torrent, and ima- 
gined that the sole influence it possesses, con- 
sists in augmenting either the quality, or the 

c4 velocity 
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velocity of the latter. Having reduced to three » 
causes, which he developes with much sagacity, 
the results of these and similar effects, he after- 


_wards proceeded to examine why, and in what 


manner, the want of contiguity contributes so 
powerfully to augment the energy of the mus- 


‘cular contractions. ‘This effe&t he ascribed to 


the resistance opposed to the passage of the’ fluid 
by the small layer of air interposed between the 
two metals; and observed, that by the diminution 
of this layer of air, the developement of the con- 
traGlion is facilitated. He employed the same 
principles in explaining a phenomenon which is 
somewhat curious and remarkable, namely, the 
contractions which result from the experiments 
made with a single homogeneous coating, to 
which one.of the extremities of the arc of a 
similar nature is applied, at the moment when the 
other is in conta¢t with the part of the animal 
in a bare state. By a similar theory Ganvan1 
accounted for the curious experiment made with 
a drop of water. 
_ Ina memoir* which contains a complete ex- 
| position 


* Aloysii Gatvawni de viribus electricitatis in motu musck- 
lari commentarius, cum J. Aup1in1 dissert. et notis. Accesse- 
runt epastole ad animalis eleCtricitatis theoriam pertinentes. 
Muiine, 1792, ‘his commentary is preceded by a disserta- 
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position of his discovery, Ganvanr published 
several interesting remarks on the electricity of 
the torpedo. From the earliest date of his dis- 
covery he had paid a particular attention to the 
productions of Rep1, Rzaumur, Wass, Joun 
Hunter, and SpaALLANZANI, in which this im- 
portant subject is investigated; and took ad- 
vantage of the new data he had acquired on the 
subject of metallic irritation, to go still farther 
than his illustrious predecessors in this particular 
tract of science. Ina voyage he made to the 
Adriatic Sea, he had a convenient. opportunity to 
multiply his trials, which became the subject of a 
learned dissertation. His experiments being, 
however, more immediately connected with com+ 
mon electricity, than with galvanism, it will be 


tion by Atpiv1, on the origin and progress of animal electri- 
city. It is divided into four parts, in which the following sub- 
jects are treated: First, the power of artificial electricity on 
muscular motion. Secondly, the power of atmospherical elec- 
tricity on the same. Thirdly, that of animal electricity on the 
above muscular movements. And, lastly, the conjectures 
hazarded by the author, and the consequences le draws from 
the above subjeéts. The plates by which this memoir is illus- 
trated, are three in number, and contain twenty-seven figures. 
Ti is followed by a letter from M. Carminart, professor of 
medicine at the university of Pavia, to the author, on the sub- 
yet of the different opinions held by the latter, and by Votra, 
relative to the true seat of animal electricity. 

sufficient 
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sufficient in this place to observe, that the most 
interesting of them are those made by GaLVANt 
with prepared frogs. These frogs having been 
laid on different parts of the surface of torpedoes, 
and disposed in various dire¢tions, were all of 
them thrown into a convulsed state at the same 
moment. He obtained the same result from his 
subsequent experiments on the muscles and heart 
of frogs placed on torpedoes; and established a 
new point of analogy, heretofore unknown, be- 
tween the electricity of the torpedo and com- 
mon electricity. 

Gatvant, constantly occupied by his favourite 
hypothesis, made several other experiments on 
animal electricity, with a view to ascertain whe- 
ther it is provided with a stimulating power simi- 
lar to that of common eletricity, or of the elec- 
tricity of the torpedo. In examining its action, 
he had recourse in the first instance to the mus- 
cles, his experiments on which appeared to him 
to demonstrate that the phenomena of animal 
electricity are precisely similar to those of the 
above cited electricities, and that it is conse- 
quently endued with the same stimulating pro- 
perty. Before he drew this conclusion, however, 
he made several experiments on the nerves, 
which are acted on and irritated with greater 
ease than the muscles. The only result he ob- 
tained from these experiments, which were con- 


ducted 
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ducted with great ingenuity, was the existence of 
the electric fluid in the galvanic arc. He con- 
tended, that this fluid irritates in its passage, all 
the parts of the animal of which the are is com- 
posed. It has, notwithstanding, been proved 
by recent experiments, that the parts of the ani- 
mal do not essentially possess the faculty of sup- 
ply ing and inculcating this fluid. 

Such were the experiments of GaLvanr, and 
such the conclusions he drew, with a view to the 
establishment of his hypothesis relative to the 
existence of animal electricity. We shall now — 
proceed to detail the labours of other naturalists 
on the same subject; following, as nearly as may 
be, the order of time in which thelr experiments 
were made, 
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Experiments of M. Vauu1 on animal eleétricity, 
as they were repeated, by the late French Aca- 
demy of Sciences, ey by the Royal Society of 
Medicine of Paris—These experiments were 
made, as well on animals with hot blood, as on 

cold-blooded animals. 


M. VALLI, an Italian physician, was, among 
physiologists, one of the earliest to enter on a 
series of galvanic experiments, which he began 
by those that relate more immediately to animal 
electricity. The result of these experiments he 
communicated in 1792 to the late French Aca- 
demy of Sciences, by the members of which the 
experiments themselves were so much approved, 
that the greater part of them were shortly after 
repeated in the chemical ey of Fourcroy. 
They are as follows : 

Experiment 1. Two metallic coatings, one of 
lead, the other of silver, were placed on a frog 
fastened.to a table, the former on the belly of 
the animal, the latter on the pelvis. ‘These me- 
tallic coatings having been brought in union by 
the means of an exciting arc of copper, very power- 


ful 
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ful convulsive movements were produced in the 
animal. 

Experiment I... The small sheet of lead em- 
ployed as one of the coatings in the former expe- 
riment, having been removed, so as to leave the 
abdomen bare, and the exciting are applied in the 
same way as before, the convulsive movements 
took place, but were not so sensrble as in the 
other case. The author candidly avows that this 
experiment does not always succeed. 

Experiment Ill.’ In employing two coatings 
of the same metal, silver or gold for mstance, 
it was found that the effects produced by the ex- 
citing arc of copper were much weaker. When 
these coatings were not only of similar metals, 
such as copper, lead, tin, zinc, &c. but the :ex- 
citing arc also, no effect was produced. 

‘Eaperiment IV. The coating placed on the 
abdomen having received an horizontal direction, 
ansomuch that the pomts of contact were Jess 
numerous, the effects were proportionally dimis 
nished. As soon, however, as the coating was 
‘brought into full contact with the surface of the 
abdomen, they became as powerful-as heretofore. 

Experiment V. A frog having been skinned, 
and cut transversely through ‘the middle, the 
nerves of the thighs were laid bare, united, and 
placed on a piece of gold, at the same time that 
the thighs themselves were brought im contac 

with 
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with a piece of silver. On the application of the 
exciting arc of copper slight movemets were pro 
duced ; as they also were when both the coatings 
were of silver. But when a coating of tin, lead, 
or copper, was substituted to the one of silver in 
which the nerves were enveloped, the movements 
became very violent. The following gradation 
was, however, to be observed in the action of the 
metals: the lead produced the most powerful 
movements ; next, the tin; and, lastly, the cop- 
per. In proportion as the vitality of the frog 
was diminished, the metals also lost the power of 
governing the direction of the progress of the 
electric fluid in the animal. .The lead, tin, and 
zinc, preserved this property the longest. 
Experiment VI. Plammers’ lead, placed on 
each side as a coating, produced no effect when 
employed: with an exciting arc of the same de- — 
scription of lead; but when different qualities of 
this metal were selected, such, for instance, as 
the lead of the assayer, and plummers’ lead, an. 
exciting arc of either of these descriptions of that 
metal produced very singular effecis.. When 
these two kinds of lead, in changing the different 
metals, were no longer productive of any effect 
in one of the coatings, by substituting to the 
lead either silver, gold, bismuth, antimony,.or 
zinc, movements of so powerful a nature were 
obtained as to enable the animal to be susceptible 
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of slight convulsions, when the above-mentioned 
pieces of lead, each of them of a distin kind, , 
were again applied. 

Experiment VU. A short interval of repose 
having been allowed to the frog, it was found to 
be susceptible of convulsive movements of a 
forcible nature, when again subjected to the same 
trials. | 

Experiment VIII. The ele&ric power being 
nearly exhausted in this animal, it was found 
that the different metals, when they produced by 
their conta&t new convulsions, did not, on this 
effect ceasing, leave to the animal the faculty of 
displaying fresh movements with the coatings of 
the different kinds of lead above-mentioned. _ 

Experiment YX. Lastly, the electric action 
disappeared totally in the following order, the 
plummers’ lead invariably forming one of the , 
coatings: the assayers’ lead first ceased to de- 
termine the action ; next, the tin; next, the anti- 
mony; next, the zinc; next, the copper; next, 
the gold; and, finally, the silver. It ought here 
to be noticed, that the iron had lost its exciting 
quality before the antimony; but it was not ascer- 
tained whether it had likewise been deprived of 
‘this quality before the lead and the tin. 

Experiment X. ‘The zinc, in losing the ex- 
citing property by which convulsions had been 
produced on the frog, which had been subjected 
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to the experiment for the space of an hour, was 
not capable of determining any farther. move- 
ment when the leaden exciting arc was placed 
on it. It was, however, remarked, that move- 
ments were still produced by this metal the mo- 
ment the person engaged in the experiment re- 
moved the exciting arc, and destroyed the com- 
munication. ‘This: singular experiment was so 
often repeated, as not toleave any doubt respect- 
ing the result. . | 

Experiment XJ... Lhe upper part of a frog, 
skinned and imterse¢cted transversely, having its 
crural nerves armed with a piece of lead, as in 
the preceding experiments, was placed in a glass 
filled with water, while the inferior part of the 
animal was placed.in another glass. The diffe- 
vent, parts displayed very powerful movements 
when the communication was established by the 
means of a chain formed by the company, two of 
the persons present having been selected to 
touch, each of .them ‘the water in one of the. 
glasses. One of these individuals held in his 
hand a bit of metal, which he brought in conta& 
with the coating of lead. 

Experiment XU. When one of the comparly 
withdrew himself in such a way as to interrupt 
the chain, the movements were no longer per- 
-eeptible. | | 

Experiment XIU. The parts of the frog hav- 
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ing been placed in the two glasses, as in Lap. XI. 
the operator could not excite any movement by 
establishing the communication with his two 
fingers. He was equally unsuccessful when, with 
one hand armed with a piece of metal, he touched 
the body of the frog, while he placed a finger of 
the other hand on the metallic coating of the 
crural nerves. But when, having a finger placed 
on the inferior part of the frog, he presented the 
piece of metal to the coating of the nerves, very 
powerful movements were excited in the animal. 

Experiment XIV. When the frog was touched 
with a metallic exciting arc in an insulated state, 
no sensible effect was produced; but when the 
metal ceased to be insulated, the effect was in-+ 
variably very considerable. 

Experiment XV. One of the fore legs of a 
rabbit having been detached from the body, 
the brachial nerves were denudated, and armed 
with a piece of sheet-lead. A piece of silver, 
which was to act as an exciting arc, was after- 
wards laid on an adjacent muscle; and the result 
was, that very violent convulsive motions were 

produced in the animal. In this experiment on 
~ the rabbit, as it was afterwards varied, one of the 
coatings being of plummers’ lead, and the other 
of assayers’ lead, the movements were no longer 
excited. When they consisted, the one of lead, 

and the other of iron, they produced as little 
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effect; but when the lead, as one of the coat- 


ings, was tried with another coating, either of 
silver, gold, copper, zinc, or antimony, convul- 
sive movements were produced. Combined with 
a coating of bismuth, the coating of lead pro- 
duced but very. slight movements. 

Experiment XVI. To ascertain the state of 
the electricity inherent in the animal subjected 
to the experiment, it was plunged into a vessel 
containing one of Coutoms’s electrometers, and 
successively electrified both positively and. nega- 


tively. In either of these cases the animal influ- 


enced the balls of the electrometer, so as not 
only to evince that the electricity was in a per- 
fect state of rest, as well before as during the 
experiment, but also, that the system of the body 
on which it was made, presented, in the most 
marked and striking manner, the phenomenon of 
a Leyden phial. 

Experiment XVII. The left crural nerve of a 


living frog having been bound by a strong liga- 


ture, the animal lost the faculty of moving in a 
natural. way, the part beneath the point where 
the ‘ligature -was tied. The nerve, however, 
having been armed in the same manner as in the 
preceding experiments, the movements were ex~ 
cited as soon as the communication was esta- 
blished between the. muscle and the part above 
the ligature. 


—« Lxpes 
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Experiment XVIII. The ligature having been 
made on the left crural nerve, sufficiently near to 
the muscle to be in contact with it, and on the 
right crural nerve in such a way as to render it 
disengaged and visible, the left part of the ani- 
mal, being in a palsied state, remained perfectly 
motionless, while the convulsive movements ex- 
cited by the communication were all of them 
confined to the right side, The above-men- 
tioned left crural nerve having been afterwards 
more effectually denudated, and separated from 
the muscular substance by which it was sur- 
rounded, recovered its quality as a conductor, 
and permitted the movements which were come 
municated to display themselves with consider. 
able energy. When the ligature was forced 
back against the muscle, the limb again lost the 
faculty of motion. 

Experiment XTX. One of the crural nerves 
having been armed with a piece of sheet-lead, 
a communication was established between this 
nerve and the other crural nerve in an unarmed 
state. ‘The result was, that very powerful con- 
vulsive movements were produced. 

Experiment XX. One of the above nerves, 
coated with two pieces of lead, at different inter- 
yals of the muscle, was violently agitated as soon 
as a communication was estallished between the 
two parts by the means of an exciting arc, ‘The 

: R 2 same 
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same effects were observed, notwithstanding every 
part of the nerve was laid bare, and separated 
from the surrounding muscle. 

Experiment XXI. An attempt was made to 
establish the same communication in experiment- 
ing on a living animal with hot blood, a guinea 
pig. The result was not, however, so satisfac- 
tory as there was reason to expect. 

About the same time that the above experi- 
- ments, as they had been described by Dr. Vatu, 
were repeated by the French Academicians, they 
were also made before the late Royal Society. of 
Medicine of Paris. On this occasion M. Man- 
burt, distinguished by his talents and industry 
in the application of electricity to the healing 
art, was present. He was led to consider the 
effecis which resulted from the experiments as 
dependent on common electricity ; but was at 
the same time of opinion, that they proved two 
additional facts. In the first place, that the me- 
tals were charged with a different quantity of the 
electric fluid, insomuch, that when they were 
brought in conta& with each other a discharge 
ensued. And, secondly, that the animal. body, 
by which the electric fluid is rendered perceptible, 
is a more. delicate electrometer than any one 
heretofore discovered. 
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én the progress of his new experiments, M. Vatii 
observes all the phenomena noticed ly GALVANI 
—The electricity of animals independent of their 
vitality—The presence of the electric fluid ne- 
cessary to the existence of men and animals— 
Experiment made with a view to ascertain the 
identity of the nervous and electric fluids—Ob- 
servations of FonrANA on the movement of the 
heart—Reflections of M. pe tA METHERIE on 
animal electricity, 


THE experiments of Dr. Vatu, given in 
the preceding chapter, were followed by several 
communications made by him to the editors of 
the French Philosophical Journal (Journal de 
Physique.) The following is the substance of 
his letters, which contain several new and very 
interesting experiments. 

In his earliest communication, M. Vaux con 
tents himself with describing the phenomena he 
had observed in prosecuting his experiments, 
without attempting to establish any theory, or to 
derive any of those consequences which would 
have required a greater body of facts than were 

| | . ts 
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as yet collected on the subject of anirnal elec- 
tricity. He notices, that he had observed all the 
phenomena perceived by Gatvanr; and that 
they had alike taken place on the animal, whe- 
ther in an insulated or in a non-insulated state, 
by the means of conductors of different metals, 
the successive changes of which had rendered the 
electric commotions more manifest. He ac- 
knowledges, notwithstanding, that the conduc- 
tors of silver had constantly appeared to him te 

produce a more sensible effect than the others. 
Being desirous to ascertain the space of time 
during which frogs were enabled to resist the 
fatigue and sufferings resulting from the expe- 
riments, Dr. Vauir prepared two frogs at ten 
o’clock at night. On the following morning, at 
seven o'clock, they were extremely feeble, but 
not without movement. In both of them weak 
convulsions were produced by the common expe- 
riment. At the expiration of another hour they 
ceased to give any farther sign of vitality, in spite 
of all the efforts which were made for their resus- 
citation. On several subsequent occasions, pre- 
pared frogs having been left during the night, 
were found in a desiccated state the next morn- 
ing, and ceased to give any sign of vitality. 
‘After having separated several of the muscles’ 
from the body of a frog, and having torn them, 
it was impossible to excite their irritability by a 
| mecha- 
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Mechanical stimulus; but this was effected by 
the medium of the conductor. 

On this subject, Dr. VaLui proposes two ques- 
tions. In the first place, whether the move- 
ment of the muscles, produced by irritation, or 
by the nerves with which these muscles are pro- 
vided, is different from the one which results 
from the discharge of the electric fluid? And, 
secondly, which of these movements has the 
greatest affinity to those that are voluntary ? 

The results of thirteen experiments made with 
opium, which was employed in different ways, 
both internally and externally, were very dif- 
ferent from each other. In an experiment made 
with powdered tobacco, four frogs, which had 
by this mean been rendered insensible to tortures, 
and were in a state of the completest stupefac- 
tion, were nevertheless made to display symp- 
toms of vitality, on the application of the ex- 
citing arc. Several lizards, poisoned with to- 
bacco, and which were convulsed at the time of 
their death, did not lose their electricity. A va- 
riety of experiments were afterwards made on 
different animals and fishes, namely, on cats, 
dogs, eels, tenches, &c. 

M. Vattr having noticed in his details; that 
the ligature made on the nerve presented an 
obstacle to the passage of the electricity, M. 
Farrori, a naturalist, apprized him that this 
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was not an invariable consequence. He accord 
ingly repeated his experiments, and observed that 
the ligature of the nerve, made close to its in- 

sertion in the muscle, entirely impedes its move- 

ment; but that if, on the contrary, it is placed 

at a distance from the muscle, the experiment 
succeeds perfectly well, every part of the animal 
becoming a conduétor of the electricity. 

A very singular fact, which deserves the particu- 
lar attention of naturalists is, that the tremulous 
motions produced in the animal by the means of 
the exciting arc, are generally more powerful if 
this arc be carried from the muscles to the coating, 
than if it be conveyed from the coating to the 
muscles. If the latter mode be employed at a 
time when the electricity is so weak as to be 
nearly in an exhausted state, it will be impossible 
to excite the movements which will be readily 
obtained by the former process. 

Slight wounds imflicted in the brain of frogs, 
gccasionally cause them to become convulsed, 
while at other times they render them paralytic, 
and at others, again, are not attended by any such 
serious consequences. In some instances the 
animal perishes suddenly from the injury; in 
others, at the expiration of a few hours; and 
again, in others, survives for several days. Frogs 
which have long been subjected to the operation. 
of the conductor, more especially in water, sud- 


denly 
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denly fall into a corrupted state. How extra- 
ordinary will it be, observes M. Vaux, if here- 
after it should be found that the electric fluid 
retards putrefaction, and resists the dissolution of — 
bodies! Prior to the discovery of galvanism, it 
was known that the fluid which circulates in the 
nerves is a powerful antiseptic. 

Inflammable air, or hydrogen gas, extin« 
guished in a small bird, a fauvette, the vital prin- 
ciple, but did not destroy its electricity. The 
fore-legs of two kittens, killed in azotic gas, 
_ gave, after having been prepared, the same signs 
of eletricity. A similar result was obtained, in 
other experiments, from thé extract of hemlock 
administered to animals, whose electricity, it would 
therefore appear, or rather the capacity of the 
parts in which it is contained, is not diminished 
by poisons. Several frogs, exposed to the exha~ 
lation of corrupted flesh, displayed, after their 
death, signs of electricity, which were not, how- 
ever, of a very powerful nature. 

M. Moscarti, one of the most celebrated na- 
turalists of the present age, is the author of two 
experiments highly creditable to his talents and 
yenius. Several frogs which had been deprived 
of life in the vacuum of Boyrxz, were subjected 
to an experiment, the result of which was the 
production of small movements, following each 
other in rapid succession, but obtained with some 


diffi- 
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difficulty. On this occasion, there was art ex4 
travasation of blood in the cellular membrane of 
the muscles, which tinged the flesh of a deep 
red. The blood, being a conductor of elec- 
tricity, had dispersed in this case a portion of it, 
at the expence of the nerves by which the elec- 
tric fluid was enabled to reach the muscular 
fibre. When this experiment was repeated on 
prepared frogs, there not being any extravasation 
of blood, the electricity ceased to be impeded or 
diminished. Several analogous experiments were 
made by M. Vauir, and published in his work 
entitled, “ Dissertation on the blood, considered 
both in its healthy and diseased state.” 

By the following experiment he proved that, 
without augmenting the degree of electricity, its 
velocity can be increased. He took a prepared 

‘ *frog, against which he directed a given torrent 
‘of electricity, by the means of a chain which 
touched the nerves of the animal. The frog, 
which at. the beginning displayed convulsive move 
-ments, afterwards remained motionless for some 
time. On removing the conductor to an incoii- 
siderable distance, the motions of the frog again 
took place; but shortly after, the animal fell 
into its former inert state. The current of the 
electricity having been afterwards accelerated by 
the approximation of an insulated conduétor to 
the muscles of the frog, the movements were 

| instantly 
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instantly displayed. On their subsiding, M. Vatt 
established a communication between himself and 
the conductor; and the result was, that the 
movements were immediately excited. The in- 
ference he drew was, that the electricity is con- 
stantly the same, however the mode of its appli- 
cation may be varied. He observes, however, 
that the same thing does not invariably happen 
in operating on an animal in the full enjoyment 
of life, and in which there reside causes, capa- 
ble either of retarding or accelerating the motion 
Of the electric fluid. He therefore deems it of 
importance to seek these causes, more particu- 
larly in the different modifications of the sensa- 
tion of the nerves, in the different proportions 
of their cortical and medullary substances, and 
perhaps also, in another nervous principle blended 
with the electric fluid, to which it is more or less 
united, according to the circumstances. 

There are, he observes, still many. researches 
to make on this subject, many obscurities to clear 
up, many errors to destroy, and many explana- 
tions to give. The demonstration of the exist- 
ence of electricity in the animal machine, is a 
great step towards the advancement of science, 
and will tend to explain many phenomena which 
would otherwise have been left obscure. It is 
known, for instance, that men and animals live 
for along time without having their blood re- 


freshed 
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freshed by new chyle of a benign quality. If the | 
blood were the source from whence the principle 
which animates all the parts of the machine is 
drawn,.and if without it there could be neither 
motion nor operation in the system, life could 
not, at so great an expence of that fluid, be of 
any long duration. The mystery is now unveiled ; 
the animal which does not receive aliments, at- 
tracts to itself, and draws, as well from the earth 
as from the atmosphere, that precious and neces- 
sary principle, the electric fluid. 

It having been suggested to M. Vauu1, that, 
for the purpose of deciding whether the nervous 
and eletric fluids are in reality one and the same, 
it was necessary to have recourse to the eleétro- 
meter, he fell on the following expedient. Being’ 
at the moment unprovided with an electrometer 
sufficiently delicate for his experiment, he pre- 
pared fourteen frogs, the crural nerves of which 
he united in a single coating. - Having put this 
battery in order, and established the communi- 
cation by the means of an exciting are between 
the nerves and the muscles, he excited the elec- 
tricity they contained, and consequently produced. 
the shocks. At the moment of the discharge, 
two very smal pieces of straw, in some measure 
separated from each other, and nearly touching 
the apparatus, were instantly brought into con- 
tact. The result was consequently the same as 

| would 
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would have been obtained by an electrometer. 
M. Vai afterwards repeated the experiment 
with that instrument, and obtained very sensible 
_ signs of electricity, thus demonstrating the iden- 
tity of the fluids in question. 

In a letter read before the late French Aca- 
demy of Sciences, he acknowledges the error 
into which he had fallen, when he observed that 
it was necessary to apply a coating to the tunics 
of the nerves, to give a free passage to the elec-. 
tric fluid, seeing that the coating should, ac- 
cording to every probability, be considered merely 
as a condenser of the electricity, the movement 
being alike obtained, whether the nerve be coat- 
ed, or the muscle itself. 
The different metals, when employed as coat- 
ings, or as exciting arcs, present singular pheno- 
mena. Thus, with silver and gold, the animal 
gives but feeble tokens of vitality, or denies them 
altogether. ‘This was clearly demonstrated in 
the experiments which M. Vari made in. the 
presence of the commissioners of the French 
Academy of Sciences. He is of opinion that, 
by repeated trials made with the different metals, 
as well as with their mixtures and alloys, it would 
be possible to obtain such relations as would dis- 
cover the hitherto unknown laws of that power-~ 
ful agent of Nature, the electric fluid. . 

| Being 
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Being persuaded that this agent may be sub. 
dued, and made to circulate, by the means of a 
simple coating of the muscle, he conceived the 
idea of obtaining the same result, without de- 
priving the flesh. of its integuments. The expe- 
riments he made on this ‘subject did not con~_ 
stantly succeed, unless when two coatings were 
applied. 

After the reasons he had already given and 
the arguments he had employed, to prove that 
the movements which are excited by the artifi- 
cial means described by Gatvant, differ from 
those produced voluntarily by the animal, and 
that these two descriptions of movements are 
essentially different in the mode of their pro- 
duétion, he relates -a few faéts and experiments, 
to confirm the doctrine he had established on 
that head. He afterwards relates the result ‘of a 
small number of experiments he had made with 
the different poisons and gases, on frogs, mice, 
rats, and tortoises; in the prosecution of which 
experiments he was obliged to allow intervals of 
several minutes, not merely to give repose to the 
animal, so as to enable it to display new signs of 
electricity, but also to leave a sufficient space of 
time for the re-establishment of the equilibrium; 
a condition essential to the discharge of the elec. 

tric fluid. Entertaining a suspicion that this 
| destrucs 
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destruction of the equilibrium might have been 
produced by the medium of the nerves, which, 
agreeably to his hypothesis, by their pressure 
incessantly draw the electric fluid from the inter- 
nal surface of the muscle, he contrived several 
experiments, on which ‘it is unnecessary to dwell 
in this place, as M. Vaxxr1 acknowledges that, 
to be enabled to bestow on them a sufficient de- 
gree of credit, it would be necessary to repeat 
them. It will not, however, be amiss to observe, 
that this property of the nerves, by which the 
electric fluid is conjectured by him to be express~ 
ed from the muscles and conveyed ta the brain, 
is regarded by M. Vauui as essential to the ani- 
mal economy. He considers it to be necessary, 
not only to the voluntary motions, but also to 
the operations of the intellectual faculties, and to 
the sensible affections. 

M. Vica. D’Azyr, member of the late French 
Academy of Sciences, having proposed to M. 
Vatu. the two following questions, namely, 
whether the blood-vessels are conductors of elec- 
tricity ? and whether movements could be ex- 
cited by their medium, provided they were to be 
coated instead of the nerves ? the latter replied _ 
by an observation which he had already made, 
that however the blood-vessels may be, as they 
assuredly are, conductors of electricity, the nerves 
alone are, in consequence of the mode in which 

| they 
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they are disposed, capable of exciting muscular 
movements. ‘This opinion, which he pronounces — 
decidedly, is supported by no less than nineteen 
experiments. pak 
Unquestionably, he observes, the arteries and 
veins are conductors of electricity, but less so 
than the nerves, which deprive them of a portion 
of their electricity, as is demonstrated by the 
second of the above-cited experiments. In sup- 
port'of this doctrine it should be observed, that 
it 1s impossible to obtain any movement, if the 
vessels be distributed in a dire€t way in the 
muscles, without communicating with the nerves. 
It is the same with the tendons, notwithstandmg 
they are conductors; as are likewise the bones, 
but only when they are covered with their peri- 
ostium. The membranes also are endued with 
a conducting quality, but are not productive of 
movements, unless when they communicate with 
the nerves. 
« It having been observed that the nerves, al- 
though dry, gave out by friction tokens of 
électricity, M. Vatzr endeavoured to ascer- 
tain whether, in this dessicated state, they 
could be rendered conductors of the eletric 
fluid, and excite movements. He found this 
not to be the case. He was enabled to ascer- 
tain, by a series of experiments made on fowls, 
that ligatures applied to the nerves, at a cer- 
. tain 
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tain distance from the muscles, do not prevent 
the movements of the latter. He agrees that 
the result of ‘these experiments is well calcu- 
lated to overturn the theory he had imagined, 
relative to the identity of the nervous and elec- 
trical fluids. i 

Having drowned several pullets, and after- 
wards, when they gave no longer any sion of 
life, which seemed to be utterly extinguished, 
endeavoured to excite their electricity, moye- 
ments were produced in a part of them, by the 
application of the exciting arc, while’the others 
did not give out any signs of electricity. In re- 
peating this experiment on six pullets which 
had been drowned, as in the former instance, the 
whole of them, on applying the are, were vio- 
iently convulsed, and continued in that state for 
neatly an hour. The brain and wings of other 
pullets, purposely drowned, having been laid 
bare and armed, to give a more extensive scope 
to.the experiment, violent convulsions were pro- 
duced ; but the animals were not, as might have 
been expected, restored to life. The same ex- 
periment, made on two small rabbits, was ‘tol 
lowed by the same consequences. 

M. Vatu having obtained.the most decisive 
proof that animal eleétricity, when re-excited in 
drowned animals, has sometimes put in action 
the springs of the animal economy, to such a 
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degree as to re-kindle a life which appeared to 
have been altogether extinguished, made several 
attempts to ascertain whether a similar phenome- 
non could be brought about in every description 
of asphyxia. He accordingly exposed several 
pullets, placed under glasses, to the action of 
the different gases, such as hydrogen, the nitrous 
gas, and azote. All these animals remained dead, 
notwithstanding the repeated efforts he made to 
recal them to life. The shocks which he ob- 
tained by the ordiary galvanic process, were 
invariably very weak, and succeeded each other 
at pretty long intervals. He concluded from 
hence, that the destruction of the equilibrium of 
the electric fluid, by which the discharges and 
movements are occasioned, depends on the prin- 
ciple of life, as it is more or less affected and 
weakened. 

His first experiments not having appeared to 
M. Vauxr sufficiently conclusive, he made se- 
veral others on frogs, which, generally speaking, 
. resisted more powerfully the effects of mephitism 
than the other animals which had been the sub- 
ject of his trials. He observed that the nitrous 
gas 1s more injurious to their temperament than 
‘the hydrogen gas; and noticed also, that the 
irritability of the muscular fibre, as well as the 
vital principle, appear to be preserved after 
death. The heart, removed from the body of 

the 
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the animal, and thrown into the hydrogen gas, 
palpitated with the same energy as in the body. 
When brought in contact with the nitrous gas, 
it continued to palpitate for some time. Four 
of these frogs offered a singular phenomenon. 
On the first application of the exciting are, they 
became violently agitated; but after three or 
four shocks, became perfectly motionless. Having 
been left for some time ina state of repose, every 
effort which was afterwards made to excite them, 
proved ineffectual, notwithstanding it generally 
happens, that in animals of every description, and 
consequently in frogs, the movements cease gra- 
dually, as they become progressively weakened. | 
The muscles which were exposed to the ac- 
tion of the nitrous gas, suffered losses, which 
M. Vauui was enabled to calculate. To effect 
this, he separated the hinder extremities of a 
frog from each other, and placed one of them 
beneath a recipient filled with nitrous air, and. 
the other beneath a glass filled with atmospheri- 
cal air. At the expiration of ‘an inconsiderable ’ 
space of time, they were subjected to the expe- 
riment. The former of them displayed weaker 
movements than the other, and likewise lost its 
vitality much sooner. In one instance it had 
been left so long under the recipient, that it 
did not afford any evidence of eledtricity. The 
same experiment having been repeated with the 
E.2 hydrogen 
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hydrogen gas, it was found that it operated on 
the muscular fibre with less a¢tivity than the ni- 
trous gas. 

The azote is equally injurious te frogs; the 
heart of which, it is true, still palpitates after 
their death, but the movements of which are 
enfeebled in a similar degree. M. Vauui was at 
first persuaded that the nitrous gas destroys the 
conducting faculty of the nerve, but was con- 
vinced of the contrary by subsequent experi- 
ments. ‘The nerve, according to him, is in no 
case a conductor, when the electricity is weak ; 
or, admitting it to be so, its conducting property 
is so imperfect as not to penne a sensible 
effect. 

Another peculiarity of the nerves, which may 
tend to throw some light on the doctrine of ani- 
mal electricity, is, that after the coating has re- 
mained for some time on any given part of a 
nerve, the movement ceases. By changing its 
position, and carrying it lower, the discharges 
and movements are renewed. ‘Two circum- 
stances, observes M. Vari, ought here to be 
attended to :~in the first place, that the opera- 
tor should hold the leg suspended in one of his 
hands; and secondly, that he should touch with 
the exciting arc, the coating only, and not ihe 
_ muscle. 

‘The nervous fluid, which Var entitles elec- 


tricad 
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trical vehicle, and which is, in his opinion, secreted 
by the small arteries that proceed'to the nerves, 
is, according to every probability, the fluid acted 
on by poisons, as well as by putrid mephitic mias- 
mata. It isin this way that opium, on its being 
applied to a nerve, deprives the animal of the fa- 
culty of moving the limb in which that particular 


nerve is distributed. This also happens in the 


case of the plague. The impression made by 
miasmata on the nervous principle, is sometimes 
so powerful as to impair all the functions, which 
in particular cases are entirely suspended. The 
action of the miasma having however ceased, the 


springs of life are again put in action by the 


powers of Nature, and in a great measure by 
animal electricity, which, in seeking to establish 
an equilibrium, excites the irritability of the 
muscular fibre. From hence result the resusci- 
tations which, after an apparent death, occasion 
so much surprize. 

An experiment made by the above physiolo- 
cist, not only demonstrated a double circulation 
of electricity, but also, that when the portions of 
the electric fluid circulating from different points 
meet in contact, and one of them has a greater 
degree of force than the other, the weaker is 
cbliged to yield, and is entirely destroyed by the 
more powerful. 

A very curious fact is related by M. Vautt, 

£3 namely, 
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namely, that when, in the progress of his expe- 
riments, he was surrounded by several persons, 
the movements excited in the frogs were not so 
powerful as when he was alone, or with one or | 
two individuals only. He adds, that he could not 
obtain, in living frogs, any signs of electricity, 
unless he laid bare either the muscles or the nerves. 
He next made several observations, which enabled 
him to ascertain how far his experiments were 
influenced by the will of the animal, and noticed 
the consequences which resulted from this voli- 
tion on their part. 

M. Vauir having on a former occasion made 
several experiments, to determine the space of 
time during which certain animals can live with- 
out nourishment, repeated them, and drew the 
following conclusion, that, ina state of absti- 
nence, the blood and humours still preserve their 
natural characteristics. The bodies of several 
dogs and cats, which had died at the end of an 
abstinence of thirty-nine days, were much longer 
in passing into a corrupted state than those of 
animals killed in their natural state. He noticed 
several particular facts, which are in direct op- 
position to the objection that has been made, 
that the blood and humours may be vitiated with- 
out being in a putrefactive state. He afterwards 
endeavoured to discover the means employed by 
Nature to resist the changes which result from 

long 
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fone ‘abstinences ; but as this inquiry is not im- 
mediately connected with the subject: in question, 
it is unnecessary to enter into a detail of the au- 

thor’s p hysiological and chemical explanations. 
The nerves have, at each point, a principle 
dependent on life, which perishes in proportion 
to the muscular contractions. These contractions 
may be considered as so many electrical discharges. 
The experiments made by M. Vat prove that 
this principle perishes gradually of itself; and 
that its destruction invariably commences at the 
upper part of the nerves. Itis erroneous to sup- 
pose that the nerve becomes desiccated during 
the operation, and that its torpid state, and want 
of energy to conduct the electricity, are to be 
ascribed to that cause. By carrying from the 
upper to the lower part the coating applied to 
the nerves, trying them progressively at the 
smallest divisions of their lengths, or, in other 
words, by establishing at these almost impercep- 
tible intervals, the communication between the 
coating and the nerve, M.Vaxuiconstantly suc- 
ceeded in ascertaining the precise point which 
was fitted for the experiment, and thus discovered 
the last remains of the vitality of the animals 
subjected to his experiments. It follows from 
hence, that this mode of existence of the nerves, 
which enables them to produce the muscular 
movements, that this life of the nerves, as it is 
EA. termed 
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termed by Vanur, is more inherent at their ex- 
-tremities than at their origin, unless what he de- 
nominates, in common with other naturalists, 
the extremities of the nerves, should on the con- 
trary be in reality their origin. 

All the faéts which have been cited, prove that 
the voluntary movements of the muscles are per- 
formed by a circuit of electricity, or electric bat- 
tery ; and that the other movements, those more 
especially which depend on the viscera, obey ano- 
ther law which has been already noticed. ‘This 
is the reason why, when the nerves of the above 
organs are armed the exciting arc does not pro- 
duce in them any sensible change. The heart of 
a dog, purposely killed for the experiment, did 
not palpitate, notwithstanding the eighth pair of 
nerves was armed at the time that the viscus 
was hot and reeking. ‘The same trial was made 
onthe diaphragmatic, intercostal, and great sym- 
pathetic nerves of a horse, with precisely the 
same result. A fore leg, the brachial plexus of 
_ which had been denudated, and enveloped in a 
small piece of tin-foil, did not become convulsed 
when the coating and flesh were touched with a 
silver spoon, A few gentle oscillations of the mus- 
cles near the shoulder were, however, perceptible. 

It appears evident, that M. Vautt has adopted 
an inherent electricity in the different parts of 
the animal organization, but with this modifica- 


tion, 
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tion, that, according to his theory, the interior of | 
the muscles is negative, and the exterior positive. 
He accounts for this eletrical state of the interior 
part by the action of a particular power residing 
in the nerves, the existence of which he seems 
ready to grant. | . 

The following are the general results of seve- 
ral more recent experiments made by M. Vatu. 

ist, That a single metallic conductor suffices to - 
produce convulsive movements in frogs that have 
been recently killed; and that the coating, whe- 
ther applied to the muscle or to the nerve, is not 
an essential condition to bring about these move- 
ments. That scissars of a bad quality of steel 
were successfully emyloyed by him as a conduc- 
tor; but that gold, silver, lead, copper, and tin, 
do not in general produce any effect. 

2dly, That animal electricity passes through 
glass and sealing wax, when these substances 
are thoroughly heated. 

adly, That water made very warm, or in a boil- 
ing state, disperses the electricity im such a way 
as to destroy the phenomena which would other- 
wise result, from it. 

Athly, ‘That excessive cold deprives this same 
water of the property of conducting the fluid in 
question. 

Sthly, That the prepared feet of dogs, cats, and 
rabbits, remain motionless when an individual 


forms a part of the chain. 
6thly, 
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6thly, That the diaphragm of a dog having been 
plunged by M.Vautr in a vessel of water, in such 
‘a way'as that the phrenic nerve, which had 
_ been previously armed, was made to reach the 
éxternal part of the vessel, he was enabled to ex- 
cite weak contractions in that muscle, by touch- 
ing the coating with a coin of gold or silver, at 
the same time that he put one of the fingers of 
the hand which was disengaged into the water. 

7thly, That a metallic thread, covered from one 
éxtremity to the other with sealing-wax, ceases 
fo act as an exciting arc when the vitality of the 
frogs begins to be exhausted. This is, accord- 
ing to. M. Vauut, a proof that the electricity 
passes along the surface of the conductors. 

8thly, That the ligature of the nerve, near the 
muscle, prevents the progress of the animal 
electricity ; and that a ligature made in this way 
opposes an equal resistance to artificial elec- 
tricity. 

~‘gthly, That if a known quantity of the electric 
fluid be conveyed to the crural nerves of frogs, 
one of them tied at a small distance from the 
muscle, and the other without any ligature, the 
movements of the latter will be found to be more 
sensible than those of the former. 

10thly, That when the artificial electricity is 
extremely weak, it excites the irritability of the 
muscles of the leg only, the nerve of which has 
not been tied, although ‘contractions can be pro- 

| duced 
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duced in the other leg by the excitement of its 
own eleAricity. The experrment furnishes a 
method of calculating the power of animal elec- 
tricity. If, for instance, five, six, or seven de- 
erees of artificial electricity are not sufficient to 
produce the contractions, at the same time that 
they can be generated by exciting the native 
electricity, it may be said that the latter is 
stronger than the given quantity of five, six, or 
seven degrees, &c. 

1ithly, and lastly. ‘That the excitement pro- 
duced in the limbs of animals by the known me- 
thod, instead of destroying their irritability, tends 
to give it an additional support. ‘his fact ren- 
ders the following experiment more perspicuous. 
Yfaving prepared, observes M. Vautr, the wing 
of a fowl, or the paw of a cat or dog, I subjected 
it to the customary trial. At the expiration of 
half an hour, I armed the other wing of the 
fowl, or another paw of the cat or dog, and had 
recourse to my exciting arc. The latter wing, 
or paw, however, did not give any sign of elec- 
tricity, while the parts which had been subjected 
in the first instance to the experiment, still con- 
tinued in a convulsed and agitated state. 

The foregoing experiments were made in 
London, from whence M. Vauui afterwards com- 
municated the following facts to the Philomatic 
Society of Paris: 

ist, 


60 ¥FONTANA ON ANIMAL ELECTRICITY. 


ist, That opium, applied to the extremity of 
the nerves, acts more powerfully than when it is 
applied to their origin. . 

Qdly, That having subjected the diaphragms of 
four horses to a galvanic experiment, they re- 
mained motionless, at the same time that, when 
the trial was made on dogs, the contraction of 
that muscle constantly ensued. 

3dly, That he could never succeed in producing 
contractile movements in the heart, stomach, 
intestines, or bladder, notwithstanding he armed 
the nerves of all these different parts. 

And, lastly, that it required a charge of arti- 
ficial electricity of an uncommon strength, to 
excite contractions in the wing of a fowl, the 
nerves of which were armed, and which had been 
previously steeped in oil, at the same time that 
the native electricity preserved nearly the whole © 
of its original intensity. 

In a communication made by Fontana, on the 
subject of animal electricity, that celebrated natu- 
ralist gives ‘the result of several experiments ana- 
logous to those of Gatyawni and Vorta. The fol- 
lowing is an extract of the interesting paper : 

“< Relatively to the movement of the heart,” 
observes Fontana, ‘‘ I have been enabled to ascer- 
tain that it is easy to accelerate its contra¢tions, 
if it is in motion, and to put it in motion if it is 
ina state of repose. For this purpose, it suf- 

fices 
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fices to place it between two metals, zinc and 
antimony, for instance, in such a way as that a 
portion of this viscus may touch one of the me- 
tals, and the other portion the other. By esta- | 
blishing a communication between the two me» 
tals, by the means of a conductor, the pheno- 
mena I have pointed out above will be displayed, 
even when the heart is separated from the body, 
and cut in pieces. I have also succeeded in pro- 
ducing contractions in earth-worms, insects, and 
animals deprived of the brain and nerves. I shall 
publish very speedily a work on the new principle 
of muscular movement, discovered at Bologna 
by the learned Professor Gatvanr, and [ trust 
that I shall be able to demonstrate incontro- 
vertibly, that this principle is not in any degree 
connected with electricity, and that, whatever 
it may be, it neither brings about the contrac- 
tion, nor re-produces the ordinary muscular mo- 
tions in animals. ‘Thus is this obscure principle 
reduced to a very fine phenomenon, the nature 
and uses of which still remain to be investigated.” 
These experiments were repeated at Pavia by 
M. Marsiex1, in the presence of Professor 
Votta. The same results were obtained when 
zinc and antimony were employed; as was also_ 
the case when the heart was placed between silver 
and tin. When a portion of the heart of a fowl 
was placed on a bit of charcoal, which appears, 


by 


bo 
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by the experiments of Vonra, to be preferabie 
to the different metallic substances, and another 
portion laid on a piece of pasteboard covered 
with tinfoil, the heart contracted repeatedly, and 


_ became very powerfully convulsed. 


Such is the general result of the experiments 
made by Fonrana. It is much to be regretted 
that he has not hitherto complied with the pro-' 
mise he made, to publish a work on muscular 
motion. 

Several experiments, similar to those of Fon- 
TANA, were made about the same time,. that is, 
at the commencement of 1793, by M. pe La 
Meruerie, who remarks that charcoal is not 
so good a conductor of common eleétricity as 


metallic substances. This leads him to observe, 


that flesh is not so powerfully endued with the 
property of condudling electricity as charcoal ;_ 
and he explains, in this way, how it is that a 
person who touches on the one hand the de- 
nudated nerves of a frog, and on the other 
muscles also laid bare, does not excite any move- 
ment im .the. animal. The same experiment, 
made with water, was attended by the same re- 
sult. The following are the consequences iehiale 
this physiologist draws.from his experiments, 
taken collectively. | 


ist, In a prepared cea the sme f 1S. Very 
weak. 


‘Qdly, 
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2dly, It is more powerful at. the instant the 
animal has been deprived of life; consequently 
xt has a still greater intensity in the living ani- 
mal; and from hence it follows, that it cannot 
be made to communicate from the nerves of a 
frog to the muscles, unless by the means of good 
conductors. Thus all the metals which are good 
conductors, however they may vary in the degree 
of their efficiency, establish this communication. 

3dly, Plumbago and. charcoal, although less 
efficacious conductors than metallic substances, 
are, notwithstanding, sufficiently so, to enable the 
electricity of the nerve of a frog to find its way 
into the muscles. a 

Athly, Animal substances are not sufficiently 
powerful conductors to produce the same effect, 
seeing that a person who touches at the same 
time the denudated nerves and muscles ef a frog, | 
cannot establish the communication. 

5thly, Water is in the same predicament with 
animal substances, and is equally unfit to esta~ 
blish the communication. Thus, when a: pre- 
pared frog is plunged in water, with the custo- 
mary apparatus and the metallic coatings, the 
exciting arc produces movements in the animal; 
fer this reason, that the water is no more capable 
of conducting this feeble electricity, than the 
atmospherical air, when perfectly dry, is capable 
of condudting the ordinary elegtricity, notwith- . 


standing’ 
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standing the latter, in its humid state, con- 
ducts it perfectly well. It is true, that the ex- 
periment succeeds when the prepared frog and 
the metallic coatings are placed on a table with- 
out being insulated; but this happens because 
the table is not in the present instance a sufh- 
ciently good conductor, and is consequently in 
the same predicament with the water. 

These experiments appear to M. pz ra Me- 
THERIE to obviate the objections which have been 
made against the identity of the electric fluid, 
and the fluid which produces movements in the 
animals prepared as above. [from hence he 
thinks himself justified in the conclusion, that 
the animal electric fluid does not differ from the 
common electric fluid, unless in that particular, 
that, in consequence of its being much weaker, 
it cannot circulate without the help of excellent 
conductors. 

Professor Tourprs, of Strasburgh, commu- 
»nicated to Professor Vorra the result of an ex- 
‘periment, which appeared to him to resolve one 
of the most disputed points of physiology, that 


‘of the vitality of the blood. ‘This liquid, he ob+ 


serves, deprived of the serum, lymph, &c. re- 
duced to the fibrous part, and subjeGed to the 
‘galvanic, or rather electric apparatus (for he con- 
siders the identity of the galvanic and eleé¢tric 
fluids to. have been incontestably established by 

the 
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the Professor’s researches), at the temperature 
of about thirty degrees of ReEaumur (about an 
hundred of Fanrenueir), exhibited a trembling — 
oscillation and palpitation analogous to those 
experienced by the flesh of animals newly kill- 
ed; a double motion of contraction and dilata- 
tion, sensible to the eye by the medium of a 
magnifying glass; and a characteristic mark of 
the vital force peculiar to the muscles, cellular 
tissue, &c. 

A mind possessing the least sensibility, recoils 
at the distressing necessity of inflicting a pain- 
ful death on so many animals : on which ac- 
count, when a physiological fact has been once 
ascertained, I have avoided any repetition of the 
experiment, particularly when in the operation — 
the animal is subjected to many tortures. Cus- 
tom, perhaps, more than Nature, occasions us to 
consign so many to purposes of luxury alone, 
Through the gratification of an idle curiosity, 
to destine many to agonizing operations, is un- 
warrantable cruelty, and particularly when the 
ascertainment of the fact in question is not ade- | 
quate to the sacrifice. Every feeling mind must 
experience a sensation of horror at the experi- 
ment of SPALLANZANI, in destroying with hot 
wires the eyes of a poor bat, merely for the in- 
dulgence of an idle whim. A series of expert- 

VOL. I. F ments 
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ments on animals is only justifiable, when the 
result may prove of advantage to our fellows 
‘creatures; then, and then alone, our feelings 
are balanced by the interest of humanity, 
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CHAP. IV. 


‘Galvanic experiments of M. Beruincuiert, of 
Pisa—Singular experiment of M. Vora with 
metallic substances-—Experiments made on am- 

 putated linbs—New fatts relative to galuanism 
—Confirmation of the system of GALVANI— 
Letters of M. Vassaui-EanDi on galvanism 
—Premiums proposed for dissertations relating 
to galvanism. 


TOWARDS the close of the year 1792, 
M. Beruineuient, of Pisa, in a letter to M. pz 
“uA Meruerre, announced that he had been em- 
ployed, in concert with M. Pienorrr and his 
brother, in making a series of galvanic experi- 
ments, the details of several of which he trans- 
mitted. They are to the following effect : 
ist, It was observed that, to produce contrac- 
tile movements in an animal, it was sufficient to 
establish the communication between the bent . 
metallic rod and the crural nerves, above the 
point where they are inserted in the thighs. 
2dly, That it is of no importance whether 
the bent rod of metal is forced into the spinal 
marrow, the brain, or any other part, it being 
F2 simply 


Aes 
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simply necessary to remove that portion of the 
spine which is between the origin of the crural 
nerves and their insertion in the pelvis, and to take 
out the abdominal viscera. It is even sufficient, 
‘to produce the contractions, that one of the fore 
feet of the frog should be tied with a piece of 
iron wire, and a communication established be- 
tween the wire and the crural nerves or thighs. 

3dly, That having cut off the head of a frog, 
taken out the abdominal viscera, and laid bare 
the crural nerves, without dissecting them, and 
without removing the spine, as is usually done, 
on piercing any part of the trunk whatever, with 
a bent rod of iron, no contractions will be pro- 
duced when a communication is established be- 
tween the rod and the thighs. But if the rod be 
‘touched with an extremity of the exciting arc, 
‘and the crural nerves with the other extremity 
at the same moment, very powerful contrac- 
tions will be produced. 

Athly, A. singular experiment made by M, 
Vora, which leads to the subsequent experi- 
ments of M. Breriineuiert, is here cited. It is 
as follows: Take a crown-piece, place it on your 
tongue, and examine the sensation it produces. 
Take a piece of tin-foil, and. do the same. Next, 
put a crown-piece under the tongue, over which 
jay the piece of tin-foil, each of these substances 
touching the tongue, but without being any 

; where 
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where in conta& with each other. Now, bring 
the part of the tin-foil which: projects from the 
mouth in contact with the crown-piece. The 
moment it touches it, and so long as it conti- 
hues in contact, you will feel on the tongue a 
very singular and remarkable sensation *. 

The above naturalists were desirous of ascer- 
taining, whether there is any analogy between the 
above phenomena and those displayed by a pre- 
pared frog subjected to experiment. For this 
purpose, after having cut off the head of a frog, 
and taken out the whole of the abdominal vis- 
cera, without dividing the spine, they introduced 
a bit of tin-foil between the spine and the crural 
nerves, contriving that the latter should lie on 
the tin-foil. They now took a silver needle, and 
applied it in such a way to the’nerves, as that 
they should be between the silver and the tin, 
without the foil being any where touched by the 
needle. While the apparatus was in this posi- 


* This experiment, and others which will be noticed here 
after, prove that the experiment made by SuLtzer did not 
lead to the discovery of galvanism; and that the naturalists 
who have been employed in making researches on that sci- 
ence, were perfectly well acquainted with the above experi- 
ment, which the greater part of them did not think it neces- 
- sary to mention, for the reasons given in the first chapter of 
this work. : 

ES tion, 
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tion, no contractions were to be noticed in the 
frog ; but as soon as the needle was brought in 
contact with the tin-foil, in whatever way this 
was contrived, very powerful contractions were 
instantly perceived in the muscles of the animal. 
This experiment was repeated a considerable 
number of times, and invariably succeeded when 
it was cautiously made. It appeared to the natu- 
ralists in question, to present a striking analogy 
between the experiments of Gatvani and the 
above cited experiment of Vota. 

In concluding his letter, Bertrneureri ob- 
serves, that the phenomena in question are not 
only peculiar and appropriate to the frog, but 
that Gatvani had noticed them in experiment- 
ing on animals with hot blood. The latter, how- 
ever, he observes, require a peculiar process, 
which is as follows: After having dissected the 
rural nerve, or any other considerable nerve 
whatever, and cut it at a certain height, to sepa- 
rate it from its superior part, it should be coated 
by surrounding it with a piece of tin-foil at its 
summit, and the communication then made in 
the usual way, by touching the coating with one 
of the extremities of the exciting arc, and the 
muscles in which the nerve is distributed with 
the other extremity. This experiment. has suc- 
ceeded perfectly well on animals, and even on 
man. In the hospital of St. Ursula, at Bologna, 

similar 
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similar trials were very successfully made on the 
amputated arms and legs of several of the pa- 
tients, whose cases had rendered the operation 
necessary. 

It may not be improper to digress in this place, 
by observing that Mr. Larrey, late surgeon- 
general to the French army of Egypt, in a letter 
addressed to the Philomatic Society of Paris in 
‘the year 1793, states, that having been obliged 
to amputate the thigh of a man, whose leg had 
been fractured and lacerated by the wheel of a 
carriage passing over it, he was led to repeat the 
experiments of Ganvanr and Vauii. “Having, 
accordingly, .dissected the popliteal nerve, the 
trunk of which he insulated to its smallest rami- 
fications, he inclosed the trunk in a piece of 
sheet-léad, after having denudated the trunks of 
the internal and external gastrocnemii muscles. 
He now took a pile of silver in each of his hands, 
and, touching with one of them the coating of 
lead, brought the other hand in contact with the 
muscles, which became so violently convulsed as 
to affect, by their contractile and spasmodic mo-. 
tions, both the leg and foot. This experiment 
was repeated by Dr. Starck with a similar re- 
sult. It is observed by each of these physiolo- 
gists, that pieces of steel or iron did not produce 
any very striking effect ; but that when a bent 
silver probe was employed as a condu¢tor,, not- 

BA with- 
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withstanding the amputated limb was at the time 
nearly cold, the effect was very sensibly increased. 

To return to M. Beruineuteri. He did not 
confine himself to the experiments contained in 
the letter which has just been analysed, but, ina 
communication addressed to the Philomatic So- 
ciety of Paris, brought forward new evidences of 
the identity of the animal fluid and electricity. 
He observes, 

1st, That naturalists had been led into an 
error, when they supposed that it required a 
heterogeneity in the metals employed for the 
coating and for the exciting arcs, since he had 
frequently obtained a decisive result when he 
employed iron as a conductor, as was also fre- 
quently the case when he employed iron and steel | 
conjointly. . 

2dly, That having dissected the crural nerves 
of a frog from one extremity to the other, and 
‘cut them transversely in the middle part, he had 
separated them to the distance of about an inch, 
and having laid them on a surface of glass, had 
filled up the interstice between them with a bar 
of silver. By the application of the exciting are 
very remarkable effects were now produced ; but 
a piece of sealing-wax having been substituted to 
the bar of silver, destroyed the communication, 
and put an end to the movements and contrac- 
tions. | 
: These 
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These two latter experiments were repeated in 
Paris by the commissaries of the Philomatic So- 
ciety, by whom they were found to be perfectly 
correct. They noticed particularly, that the 
coatings and exciting arcs of homogeneous me- 
tals, such as tin, plummers’ lead, iron, &c. which 
they employed, excited very sensible movements 
in the frogs immediately after they had been 
prepared for the experiment. When the above 
cordition is observed, the effects cease very 
speelily ; but re-commence as soon as the metal 
of one of the two coatings, or that of the excit- 
ing arc, is changed. 

‘The tommissaries in question, in repeating 
several of the experiments of M. BerLINGHIERI, 
noticed the following facts, which did not ap- 
pear to them to have been hitherto observed : 


ist, The phenomena remarked in the expe- 
riments already before the public, continue to 
take place 2m vacio, where they even subsist after 
the admission of the air. 

2dly, It was obrved that living bodies are 
not sufficiently powerful condutors to deter- 
mine the passage of the fluid. Thus, a person 
who presents his fingers, instead of the exciting 
arcs and coatings, does not produce any move- 
ment or contra¢tion in the animal; but if he 
arms either of his hands with the smallest me- 
tallic conductor possible, for instance, with the 


| point 
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point of a needle, he in that case excites very 
singular convulsive movements. 

3dly, The effects on cold-blooded animals ap- 
peared still more remarkable in oil than in water, 
and remained noticeable for a much longer time. 

Athly, A piece of metal of any. description, 
whatever may be its condudting quality, if it be 
covered with a superficies of mercury, loses ts 
primitive quality, and merely becomes a conduéor - 
‘of the fluid in the same way with any other pece 
of metal covered with mercury in the same manner. 

Sthly, A very thin plate of glass, not more 
than the fifteenth part of a line in thekness, 
suflices to prevent the passage of the 4uid, and 
altogether to impede its effects. 

6thly, Artificial electricity, by a lirect appli- 
cation continued for some time, deprives the 
animal of the faculty excited by the metallic con- 
tact. The discharge of a small Leyden phial pro- 
duces the same effect. 3 

7thly, An animal placed on zconductor charged 
with artificial electricity, whether positive or ne- 
gative, presents the same piaenomena when sub« 
jected to the preceding experiments. 

8thly, An animal, insulated and plunged into 
an electrical atmosphere, that is, placed at the 
distance of two feet from a conducting body 
which is electrified, becomes viaently convulsed 
as often as the observer, by drawing a spark, 

deprives 


| 
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deprives the conduétor of the electricity it has 
received.. Ey 

Jt has been already noticed that Berzine- 
HIERI, in one of the letters he addressed to the 
Philomatic Society, communicated a particular 
experiment of Voitra, observing, that he had 
found a complete analogy between that experi- 
ment and those of GaLvani, on arming the 
nerves.of the spine of a frog in the same man- 
ner; and, lastly, that the movements, which did | 
mot take place until the moment of contadt, 
pointed out the sensation of the animal. In re- 
peating the above experiment, tie commissaries 
of the society made an additional observation, 
namely, that the taste was very perceptible when 
two different metals, each of them applied to one 
of the surfaces of the tongue, were brought in 
contact.. This taste, which is slightly acid, and 
occasionally saline, varies sensibly when the me- 
tals are changed. In this case it is considerably 
augmented, more especially when one of the 
two pieces of metal has been rubbed over with 
mercury. ‘he taste is then considerably stronger, 
and occasions an abundant discharge of saliva. 
Zine and silver also produce a very powerful 
effect. 

In a memoir published by CorramBert, mem- 
ber of the Medical Society of Emulation of Paris, 
the author endeavours to demonstrate that the 
expla- 
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explanation of animal electricity given by Gat- 
vant, however ingenious it may be, cannot 
maintain its ground against a multitude of objec- 
tions which have been made to it, seeing that 
an external force and an internal force cannot 
be admitted in the nerves, so long as either of 
these force is not insulated from the other. 
There is not,, he observes, in the animal ma- 
chine, any mean by which one part of the nerve 
can be charged at the expence of the other, by the 
establishment of a positive electricity and a nega- 
tive electricity. Metallic substances cannot be 
considered as condensers, since metals, far from 
possessing that property, are excellent conduc- 
tors of electricity ; and, even should these diffi- 
culties be passed over in silence, it may be asked, 
where the power resides which perfornts during 
life the function of a coating? And by what 
conducting art this power is enabled to establish 
a correspondence between the parts electrified in 
plus, and those electrified in minus? On the 
other hand, before an attempt was made to point 
out the laws which the nervous fluid follows ia 
its action, it ought to have been incontrovertibly 
proved, that it is the same with the eledtric fluid. 
The following are the most conclusive experi- 
ments in favour of that opinion ; but as the au- 
thor of them, M. Vatrr, observes, they stand in 
need of frequent repetitions to be confirmed. 
The 
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The crural nerves of fourteen frogs were 
united in a single coating, and the contra¢tions 
having been produced in the customary manner, 
two bits of straw, placed very near this apparatus, 
were instantly brought in contact with each 
other. In a similar experiment the ball of the 
eleCtrometer was sensibly attracted ; and on an- 
other occasion, the hairs of a mouse were made to 
stand erect. ‘To this theory, the following ob- 
jections may, however, be made: 

Ist, That a person who touches the coating, 
does not produce, in the animal, the discharge of 
electricity he would nevertheless produce on 
touching the electrical machine. 

2dly, That these phenomena take place in a 
similar way in animals which are not insulated. 

3dly, That the electric fluid, as has been ob- 
served by Haxuer, cannot be retained in the 
nerves, and ought of necessity to be distributed 
in every other part, supposing even that the 
nerves are the best conductors of electricity. 

Athly, That a ligature made in a nerve impedes 
the circulation of the nervous fluid. 

S5thly, That the conducting property, as it 
would appear, is not the same in the eleCtricity of 
the nerves and in common elet¢tricity. For in- 
stance, charcoal, which is a bad conduétor of the 
Jatter, excites more powerful contraétions than 
those produced by metallic substances. 

These 
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These facts, combined with others which it is 
unnecessary to detail in this place, occasion 
doubts at the least, whether the nervous fluid be 
the same with the electrical fluid, retained by, 
and acting in the substance of the nerves. It 
would however appear, that if the nature of this 
fluid has not as yet been demonstrated, its exist- 
‘ence ought no longer to be doubted; and that 
the discovery of Gantvani possesses the advan- 
tage of having given a reality to a system. 

Such appears to be the decided opinion of Cor- 
TAMBERT: GAILLARD, another member of the 
Medical Society of Emulation of Paris, likewise 
made several ingenious galvanic experiments. In 
repeating those of the Italian naturalists, he ob- 
served that the different metals do not a¢t with 
the same efficacy.on the animal economy ; and 
that in proportion as this difference, which may 
be stiled galvanic capacity, was great, the more 
powerful was their action when combined. In 
conformity to this ratio, he classed those with 
which ‘he: operated, and arranged them in-the 
following order: Zinc, tin, lead, antimony, iron, 
bismuth, copper, mercury, and silver. Heafter- 
wards endeavoured to ascertain’ the degree in 
which the purity of the metals,: the temperature, 
and nature of the medium employed, and finally, 
the excitability of the animal, ipfluence experi- 
ments of this nature. He concluded by attempt 


ings 
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ing to apply to the operation of galvanism a con- 
siderable number of vegetable and mineral sub- 
stances. Those which contained any portions of 
metal succeeded in a greater or less degree, ac- 
cording to the nature and quantity of the latter. 
The effects of charcoal alone were however par- 
ticularly striking, although its different degrees 
of purity were productive of very sensible’ va- 
Tiauions, 

At the time when the above researches were 
made, the following letter was addressed to M, 
pE LA Merueriz, by M. Vassauui-EAnpi, an 
Italian naturalist. It is given in the author’s own 
words :) 

“¢ You ask my opinion relative to galvanism, 
that is, relative to the cause of the muscular 
contractions which are excited when the nerves 
and muscles of a living animal, or of an animal 
recently dead, are touched at the same time by a 
substance possessing the property of conducting» 
the electric fluid. 

** Your inquiry is directed to the nature of the 
agent which produces the commotions. Whether 
it is the electric fluid, excited or put in motion 
by the contact or slight friction of metals, or of 
other heterogeneous bodies? Whether it is the 
electricity peculiar to the animal, communicated 
by the conducting substance from one part of an 
prganized body toanother? Or lastly, whether 

it 
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it is a fluid different from electricity ? These are 
questions which, in my opinion, have not as yet 
been resolved by any truly decisive experiment, 
notwithstanding so much has been written and 
said on this subject. 
<The memoir of Dr. Gatvani, whose name 
has acquired so just a celebrity, came to my hand 
at a very early period; and after I had repeated 
his experiments successfully, and added a few of 
my own, I observed that it was necessary to wait 
for still more demonstrative proofs, to be ena- 
bled to establish a solid theory. I am still dis- 
posed to persevere in the same opinion. Indeed, 
after having seen the delicate and ingenious ex- 
periments of Professor Vorra, a considerable 
number of which I have repeated with the same 
results, I have been almost inclined to think 
with him, that the muscular contractions are ex- 
cited by the electricity of the metals, or of the 
heterogeneous bodies which are employed as 
conductors ; and that consequently the existence 
of animal eleCtricity cannot be perceived in the 
phenomena noticed by Gatvant, which, in con- 
formity to this theory, prove nothing more than 
that animals are electrometers, still more sensible 
to the smallest degree of electricity than any 
other electrometers. 
«<The experiments I made with my electro- 
meter with gold bands, appear to confirm this 
| opinion, 
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opinion, seeing that the smallest atoms of seal- 
ing-wax, Of rasped chocolate, &c. laid on that 
instrument, bestowed on it a sensible electricity, 
which was invariably produced by the almost in- 
sensible friction that takes place, when a small 
stick of sealing-wax is employed, however lightly 
and delicately the operation may be performed. 
It is not difficult to be persuaded from hence, 
that animals are electrometers, sensible to the 
electricity excited by the contact or gentle fric- 
tion of heterogeneous bodies. But if, as I stated 
tu Professor Vonra, the muscular contractions 
are caused by the electricity excited in the me- 
tals by contact, how does it happen that they do 
not take place when the metal which touches 
the nerve or muscle is rubbed by a non-conduét- 
ing body? The electricity is notwithstanding 
very strong in this case; and still the contrac- 
tions are not produced. It has however been 
ascertained, that a more powerful artificial elec- 
tricity, whether positive or negative, excites 
contractions. 

‘“¢T might add several other reflections on this 
subject ; but Ido not propose in this place to 
examine the question. I shall proceed accord 
ingly to’ the theory of Gatvani, improved by 
his nephew Atpinr. A short time ago, the latter 
stated to me, that hig uncle was prepared to reply 
to all the objections brought forward by Voura. 

FOL. f. G i trust 
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I trust that this work will be completed, and that 
the philosophical sciences will, on this head, be 
recompensed by Atpin1, for the-loss they have 
sustained by the death of the illustrious Gat- 
VANI. ? | 

«* According to the theory of these two learn- 
ed professors, the animal body is a description 
of Leyden, phial, or magic battery; mn one 
part of which there is an excess of electricity, 
and in the other a deficiency. ~The conducting 
body communicates the fluid of the part where it 
is abundant, to the part where it is defective; 
and in this passage of the electricity, the muscu- 
lar contractions are obtained in the same way as 
the discharges are produced by the Leyden phial 
or magic batteries. As the conducting bodies of 
the electricity are the sole agents in the discharge 
of the Leyden phial, so the same bodies alone 
serve likewise to excite the muscular contractions. 
Now as the Leyden phial, after a few discharges, 
no longer gives out any signs of electricity, in the 
same way the animal, after having been made 
the subject of several contractions, remains mo- 
tionless. Nature avails herself of the passage of 
the electricity to bring about the different move- 
ments, and perhaps even for the purpose of per- 
ception. 

‘This. simple theory, Notwithstanding It 18 
supported by the greatest analogy, and by a va- 


~ 
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riety of electrical phenomena, is still deficient in 
evidence ; for if the animal body be compared to 
a Leyden phial, when, in the case of the latter a 
conduting arc is brought near to the ball which 
communicates with the inner part of the phial, 
while the other extremity of the arc touches the 
outer part, light bodies are seen to dart from 
the ball to the arc. The same phenomenon 
ought to take place in the animal Leyden phial, 
if I may be allowed to employ such an express 
sion. However, although Dr. Vauuxr, Professor 
Eanp1, my uncle, and several other persons, have 
asserted that they had observed electrical movée- 
ments in the experiment of GaLVANt, as it is 
one of those which require the utmost delicacy, 
and seeing that the observer may be deceived by 
the slightest breath acting on the light cor- 
puscles, I shall here frankly avow, that I repeated 
this experiment several times, changing the ap- 
paratus, and employing bits of gold-leaf and other 
very light substances, without being enabled to 
ascertain that any electric movements. ensued. 
What conclusion is to be drawn from hence? 
Is it to be said, that the fluid which produces the 
muscular contractions, is neither metallic elec- 
tricity, nor animal electricity, but another essen- 
tially different fiuid, of the nature of which we 
ace ignorant? I shall not undertake to hazard 
such a proposition; and as I am not provided 

G2 with 
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with the experimentum crucis of Bacon to re- 
move my doubts, 1 cannot, consequently, come 
to any immediate decision on this subject. 

“* Nevertheless, were I to be called on to give 
an opinion, | should state my persuasion, that 
the muscular contractions are produced by the 
movement of animal electricity, directed by the 
conducting bodies of natural electricity : since, 
without bringing forward, in support of this 
opinion, the innumerable facts published by 
Doétors Garpini, BerrHoton, Corueno, Gar- 
vani, Anpini, VaLuI, Eawp1, Giuxnio, Roscz, 
Votta, &c. I shall simply observe that, in na- 
ture, each ‘body, in changing its chemical state, 
changes also the capacity by which it is enabled 
‘to contain the electric fluid. ‘Ehat it likewise 
frequently changes its property, so far at least 
as electricity is concerned, is a fact which is par- 
ticularly noticeable in the metallic oxydes.. Now, 
“ais there can be no doubt but that the air in re- 
spiration, and the aliments in digestion, change 


their chemical state, they must necessarily change 


‘likewise their capacity for the eleétric fluid. 
Reap has demonstrated, that air, in respiring, 
loses its natural electricity ; and it has been 
proved by me, that urine gives out a negative 
electricity. I have repeatedly shewn to Doétors 
' Gerri, and Garerrs, as well as to the students 
_ dn medicine and surgery, that blood, drawn from 
the, 
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the veins, subjected to my ele&ro-metrical appa- 
ratus, furnishes a positive electricity. Conse- 
quently, the natural eleCtricity of the air, and of 
the aliments, abounds in certain parts of the 
body, at the same time that in the same body . 
there are other parts which do not contain a 
quantity proportioned to their capacity. The 
electric shocks given by the torpedo, the gymno- 
tus electricus, eels, cats, rats, &c. confirm my_ 
assertion. The precise anatomy of animals, will 
explain to us the reason of this phenomenon, 
in the same way as the anatomy of the torpedo, 
communicated to me by SPpALLANZANI, explains 
the mode in which that animal gives the shocks. 

** If to this combination of facts it be added, 
that the nerves of the torpedo press out and ex~- 
tract the electricity contained in the muscles, as 
has been experimentally proved, the theory of 
Gatvani becomes in a very great degree pro-. 
bable ; seeing that it may with every propriety 
be observed, that if an electrical movement can- 
not be noticed, in bringing the conductor near 
to the muscle, or rather to the nerve, it is be- 
cause a slight compression is necessary to facili- 
tate the passage of the animal eledtric fluid, as is 
observed in the torpedo, which does not give any 
shock, unless its muscles be slightly compressed.”’ 

By this letter of Vassatni-Eanpr, it would 
appear to be his persuasion, that there are in the | 
G3 human 
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human body, parts which are ele¢irified positively, 
and other parts which are electrified negatively. 
The following communication on animal elec- 
tricity, addressed by him to Professor Buvina, of 
Turin, tends to confirm this opinion. 

** The electrical phenomenon which you ob- 
served.in my electrometer, placed on the back of 
a diseased animal at the moment of its being at- 
tacked by a fit of shivering, appears to me to be 
a necessary consequence of the general theory of 
electricity, and of the modifications it experiences 
in the animal economy. The following is the 
mode in which it appears to me: I have proved, 
in my letter on the origin of animal electricity, 
that man, ina healthy state, im common with all . 
other animals, has parts positively electric, ‘while 
other parts are negatively so. 

«© Tt would appear that, in the animal, the ne- 
gative part, that of the exeretions, is not so 
strong as the positive part, that of the blood. 
But if the natural boundaries of electricity in the 
body be destroyed by a change m the animal 
economy, on account of the tendency of the 
former to bring itself into equilibrium, it ought 
to escape and to manifest itself at the precise 
moment of the destruction of its boundaries ; 
that is, when the virus changes the internal parts, 
as is denoted by the febrile paroxysm. . Fear, and 
other violent passions, in producing changes in — 

the 
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the animal economy, ought likewise to be at- 
tended by the same effet. You have thus seen 
the strings of my electrometer, placed on the 
back of an animal, separate from each other, 
either during the fits of shivering occasioned by 
a contagious disease, or during those produced 
by fear; and you must have noticed, that the 
same theory likewise explains the defe&t of elec- 
tricity which you observed in diseased cats. I 
am persuaded, that this defectiveness will in no 
case exist until the disease has continued for se- 
veral days, and until a complete derangement of 
the animal economy has taken place. When I 
had concluded my electrical experiments on wa- 
ter and ice, I repeated them on several liquids, 
animals, and vegetables, as well as on different 
preparations of water; and shall here notice, as _ 
a particular result, that urine and animal hu- 
mours exhibited the greatest degree of electric 
difference. You will thus perceive that my 
opinion is supported by facts. As I have found, 
however, that the blood of those labouring under 
intermittent fever is still positively electric, it might 
be useful to ascertain in what diseases, and in what 
particular stage of these diseases, it loses its 
electricity. It appears to me that the electro- | 
meter may be employed to distinguish violent 
diseases, and be converted, if I may be allowed 
the expression, into a vitalitometer. A great 

G4, diversity 
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diversity of experiments are, however, still needed, 
to attain a similar point of perfection in the sci- 
ence of eletricity. The discovery of the elec- 
tricity of the torpedo appears to me to be truly 
astonishing. ‘That of Corvueno, who received 
_an electric shock from a mouse, in the dissection 
of which he was employed ; and that of Tonso, 
who in the same way received a shock from a 
cat, added to my electrical experiments on rats, 
appear to be conclusive. ‘The immensity of Na- 
ture still presents, however, materials for new 
researches; and at the present moment even, 
now that I have madethe discovery of the con- 
trary electricities of the blood and excretions, 
I can perceive that much still remains to be done, 
to be enabled to form a due appreciation of the 
opinions of Garprn1, BerTHOLON, TRESSAN, and 
Car.iev, on animal electricity. You.have pur- 
sued the best route, that of interrogating Nature 
by experiments. Persevere in doing this, and 
you will enjoy the isausseies of HaONG enlarged 
the boundaries of science.’ 

It having been objeed to M. Vassanu- 
Eawnnpi, that animals, although dead, were still 
‘sensible to galvanic experiments, he demonstrated 
that animals, killed by phosphorus taken inter- 
nally, or in the vacuum of a pneumatic machine, 
cease to be acted on by galvanism. He was thus 
confirmed in his conclusion, that when the ani- 


ma} 


PREMIUMS FOR GALVANIC RESEARCHES. 89 


mal organization is deranged to a certain point, 
the diseased subject loses its portion of natural 
electricity. 

Having thus far detailed the different opinions 
for and against the theory of GaLvant, as well as 
the experiments of which these opinions are 
founded, it may not be amiss to close the pre- 
sent chapter by an account of the encourage- 
ments which were held out to scientific men, 
shortly after the discovery of galvanism, for their 
researches on this very curious snd important 
subject. 

The phenomena of galvanism were scarcely 
known and circulated in the learned world, when 
several literary societies proposed premiums for 
the encouragement of the physiologists who 
should cultivate successfully this new acquisition 
made to, the Sciences. In 1793, the Society of 
Sciences Junoblowiskiana proposed, as the sub- 
jet of a premium in philosophy, to be bestowed 
in 1795, the experiments of Gaxnvani, VaALu, 
Voitra, and others. The competitors were re- 
quested to point out the new facts to which these 
experiments had led; to shew how they could be 
classed in a useful way ; and how they could be 
explained in conformity to the existing state of 
philosophical knowledge. 

About the same time, the Medical Society of 
ep linc made this physiological question the 

subject 
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subject of a premium which that society distri- 
butes annually ; and gave the award in favour of 
‘Professor Creve, of Mentz, who, as will here- 
after be seen, substitutes in his memoir what may 
be considered as a glaring impropriety, the term 
metallic irritation, irritamentum metallorwm, to 
that of animal electricity employed by GaLvant. 
' In the course of the above year, the Philo- 
matic Society of Paris, received from an indivi- 
dual, who thought proper to conceal his name, 
a medal of the value of a hundred livres, about 
four pounds sterling, to be bestowed on him who 
should, on or before the first of January 1794, 
explain in the most satisfactory manner. the fol- 
lowing propositions : | 

ist, “* ‘To demonstrate, in a precise way, the 
analogy, or the differences, between electricity 
and the animal fluid, the existence of which 
has been ascertained by Professor Gatvani and — 
‘Dr. Vattt. 

Qdly, “* To determine the functions which 
this fluid performs in the animal economy; how 
far its different states may influence the health of 
an individual; and what are the means of re- 
storing to it the equilibrium, the proportion, and 
the movement which it ought to preserve. 

It would appear, either that the competition 
for this premium did not ensue, or that the so- 
ciety was not. satisfied with the replies of the 

compe- 


PREMIUMS FOR GALVANIC RESEARCHES. Ql 


competitors, since there is no question in the 
documents it. has since published, of the pre- 
mium having been awarded to any one. It must 
at the same time be agreed, that it was of too 
inconsiderable a value, so as to be not even equi- 
valent to the expences and researches which were 
to be made, to enable the inquirer to discuss the 
subject proposed, and to make the necessary ex- 
periments. That it is not interest which, in 
competitions for premiums and rewards, influ- 
ences those who engage in the task, is what I 
can readily conceive: But, on the other hand, 
it is essential that the competitors, in entering 
on their labours, should be certain to find at the 
least, in the recompense they hope to obtain, 

what will indemnify them for the expences they 
are sometimes obliged to incur. Accordingly, it- 
appears to be a duty incumbent on scientific bo- 

dies, when they propose a subject which requires 

a considerable expence, not only to bestow. a 

competent reward on the successful candidate, 

but also to indemnify those who have failed, for 

fhe expences they may have incurred. 


CHAP, 


( 92) 


CHAP, V. 


Considerations on the influence of metallic and 
other substances, in producing contratlions— 
The theory of Gatvant combated—The diffe- 
rent modes in which the electric fluid may be put 
in motion, 


“VERY shortly after the discovery made by 
Gatvant, Professor Vorra, one of the most 
enlightened naturalists of the present time, di- 
rected his attention to animal eleCtricity, to the 
progressive attainments of which he has since so 
largely contributed by his experiments and inven- 
tions, more particularly by his electrico-galvanic 
apparatus, the discovery of which formed a new 
epoch in the science of galvanism. 

His earliest communications on this subject, 
consist of two dissertations published in the 
Physico-Medical Journal of Bkuena Tei, which, ; 
as their substance is contained in his letters sub- 
sequently addressed to Professor Gren, it is un- 
necessary to detail in this place. He shortly 
after transmitted the following letter to the edi- 
tors of the Philosophical and Medical Journal of 
Leipsick. 

co At 
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‘* At the commencement of the spring of the 
present year (1793), my attention was particu- 
larly directed to: electricity, on account of the 
truly admirable phenomena which the celebrated 
Gatvant, professor at Bologna, has discovered 
and described. By these phenomena he seems 
to have demonstrated, that there constantly 
exists, in animals of each species, an electricity of 
some kind, spontaneously excited by the vital 
force inherent in the organs, and by the animals 
themselves; or rather, that the electric fluid, 
when the equilibrium is naturally destroyed, no 
longer resides in the nerves, but exists in some 
continued movement, or in the effort it makes 
to establish itself in some part of the animal, 
according as it is more or less abundant. Hay- 
ing, in the first instance, repeated the different 
experiments of Gatvant, I afterwards examined 
the results; and was thus enabled to make several 
discoveries which had escaped Gatvanr, and 
the other naturalists who had followed him in 
the tract he had, with so profound an intelli- 
gence, pointed out. 

« In examining the principal questions, it has 
not hitherto been established, whether, in the 
galvanic experiments, the very powerful contrac- 
tions excited in the muscles, and the movements 
of the limbs, on account of the double conta, in 
the first place on the muscle, and afterwards on 

the 
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the nerve of the animal, well prepared, and care-— 


fully dissected ;—it has not, I say, been ascer- 
tained, whether these movements and contrac- 
tions, which no one can doubt, are to be -as- 
cribed to the electric fluid, conveyed from one 
part to another by the means of a condudiing 
arc, take place because that fluid directs itself by 


its own energy, or, on the other hand, by the 


simple force of the organs of the animal, towards 
such or such a part. In the latter case it may 
be denominated a true electricity inherent in the 
animal, as is asserted by GaLvani. Or, again, 
whether this sometimes happens, as I thmk I 
have seen in several instances, because the me= 
tals employed in the experiments, being directly 
applied to the parts of the animals replete with 
juices, are enabled, by themselves and by their 
own proper virtue, to stir, excite, and expel the 
eleCiric fluid which was in a state of repose, so 
as that the organs of the animal merely act pas- 
sively. 
‘« Some time ago I had occasion to demon- 
strate, by indubitable experiments, that metallic 
substances, and charcoal of a good quality, are 
not only the most perfect conductors of eledri- 
3 city, but even become exciters by the means of 
| simple contact. It was already known, that me- 
tals and charcoal possess the property of. trans- 
mitting electricity very readily, wherever it is 


excited, 
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excited, or, in other words, when it endeavours 
_to re-establish the equilibrium it has lost. But I 
was afterwards enabled. to make the discovery, 
that the equilibrium of the eleciric fluid can be 
‘destroyed, and a new electricity created by those 
substances. It is in reality by themselves, and 
by their own virtue, so far as they act by im- 
pelling and forcing the eletric fluid to enter into 
the superficies they touch, or to flow cut from 
thence, that metals and charcoal excite that 
feeble eleStricity which can in no way be disco- 
vered by the common elecirometers, however 
carefully they may be made, but which possesses, , 
&t the same time a sufficient energy to convulse 
the nervous fibres and the muscles it encounters, 
without any fri€ion or other mean, provided 
these substances be duly applied to water, or to 
bedies which have imbibed an aqueous humour, 
such as the nerves and muscles of animals, either 
living, or recently killed. 

“ But if these kinds of metallic coatings, con- 
sisting of one and the same metal, be applied to 
the nerves in two places, and if they be made to 
communicate with each other by a proper con- 
ductor, what is the result that ought to be ex- 
pected ? According to every probability, a small 
portion of the electric fluid will ooze out, and 
escape from one of the coatings to the other ; but 
faey: will, by their equal effort, be mutually de- 

trimental 
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trimental to each other ; and consequently there 
will not be any transmissal from the one to the 
other, nor any circulation. It isthus proved, that 
it is necessary to have recourse to different me- 
tals, which, in proportion as they act on the 
body they touch by an unequal and even con-~ 
trary force, transmit from one part to the other 
a pretty considerable quantity of the electric 
fluid, provided a conducting or exciting arc be 
employed, and carried to all the parts covered by 
the coatings. 

‘“‘If these parts, as well as the intermediate 
ones, are sufficiently deferent, the eleCtric fluid 
- will be continually in circulation; and if, .in this 
constant movement, and in each of the parts 
where it takes place, the fluid in question én- 
counters nerves, which serve either for motion 
or sensation, it will so excite them, as that, ac- 
cording to the diversity of their funGions, they 
will either produce a sensation, as happens to 
the point of the tongue, which is affected by an 
acid or an alkaline taste, in proportion as the fluid 
penetrates into or flows out of it; or they will 
excite contractions of the muscles and move- 
ments of the limbs, as happens very frequently 
when the electric fluid aéts on the crural or 
brachial nerves, or on any others which are set 
aside for voluntary motions, and which are of 4 
considerable extent. ‘This is the reason of the 
| pheno-~ 
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phenomena which have been too- confidently 
ascribed to animal electricity, and which I am in- 
clined to attribute to an elettricity, either artifi- 
cial, or excited by external agents. 

“ But, in the different experiments made by 
Gatvant, is there nothing to favour the exist- 
ence of animal electricity? This I can neither 
maintain nor deny. I merely say, that all the 
experiments, in which metals of the same de- 
scription are unsuccessfully employed, and in 
which it is necessary, to excite muscular con- 
tractions, to have recourse to different metals, 
are of no kind of efficacy in establishing the in- 
herent electricity of the organs, the one which 
is called active, because the organs in this case 
appear to be altogether passive. There are cer- 
tainly many instances in which the muscular . 
movements cannot be excited, unless by the con- 
tact of metals of a different kind; at the same 
time that there are but few in which these move- 
ments are produced by the means of the same 
metal. Now, as a diversity which is scarcely 
perceptible, is sometimes the cause that metals 
having the same name, and of the same descrip- 
tion, produce some effect, it would appear that 
considerable doubts may be entertained, whether, » 
when the metallic coatings are absolutely the 
same, and produce notwithstanding muscular 
movements in the parts of prepared animals, the 

VOL, I. H denu- 
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denudated nerves of which are still endued with 
a very great share of excitability ;—it may, I say, 
be doubted whether an imperceptible difference 
in the more or less superficies of the metals, &c. 
may not be the cause why the electric fluid is 
then excited, and made to pass from one part of 
the animal to another. 

« Even when this animal eladeteitey admitted 
by Gatvani, has recently flown. off, there still 
remains, by the means of an electrical stimulus, 
an incomparable and admirable excitability of the 
fibres, and principally of those belonging to the 
nerves. On another hand, the new principle of 
_ artificial electricity, discovered by me, which may 
tend to throw a great light on this subject, is still 
to be adduced, namely, the force and virtue of 
metals and charcoal, in exciting and expelling 
the electric fluid by the means of a simple con- 
tact with all humid bodies, which become, by 
this quality, so many conductors. This I have 
- established by incontestible experiments, in 
which the bodies of animals had no concern 
whatever.” 

It has been seen above, that, according to M. 
Voxita, the whole of the magic of galvanism 
consists simply in an artificial electricity, renewed 
whenever it is put in motion by the contact of 
conductors, of a different nature. The latter, 
which act essentially, may, he thinks, be consi- 

dered 


VOLTA ON ANIMAL ELECTRICITY. 99 


dered as the primary exciters (moteurs).. GaL- 
VANI, on the other hand, was led to consider the 
fluid which has been named after him, as an 
electricity residing essentially in the animal or- 
gans. Agreeably to the theory of Voira, the 
ele‘tric fluid may be put in motion in three dif- 
ferent ways, by the means of at least three con- 
ductors of a different nature brought into the 
arc or circle. ‘The first of these modes consists 
of two metals, or conductors of the first class, 
each of a distin nature, which touch each other 
directly by one of their extremities, and do not 
communicate by the other extremity, unless by 
the medium of one or several moist conductors, 
or conductors of the second class. In the ap- 
plication of the second mode, a single metallic 
conduttor of the first class is placed between two 
humid conductors of a different nature, which 
communicate with each other. The third mode 
consists of establishing a communication between 
three conductors of a different nature. This 
curious inquiry into the action of metals, and 
other conducting substances, in galvanic experi- 
ments, will be best explained by the letters of 
M. Voura to Professor Gren, the substance of 
which is as follows*: 

«If atin bason be filled with soap-suds, lime- 
water, or a strong ley, which is still better, and. 


* Philosophical Magazine, vol. iv. pp. 59, 163, and 300. 
H 2 if 
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if you then lay hold of the bason with both your 
hands, having first moistened them with pure 
water, and apply the tip of your tongue to the 
fluid in the bason, you will immediately be sen- 
sible of an acid taste upon your tongue, which is 
in contact with the alkaline liquor. ‘This taste is 
very perceptible, and, for the moment, pretty 
strong; but it is changed afterwards into a dif- 
ferent one, less acid, but more saline and pungent, 
until it at last becomes alkaline and sharp in pro- 
portion as the fluid acts more upon the tongue, 
and as the activity of its pecuhar taste and its 
chemical power, more called forth, produce a 
greater effect in regard to the sensation of acidity 
occasioned by the stream of the eleCric fluid, 
which, by a continued circulation, passes from 
the tin to the alkaline liquor, thence to the 

tongue, then through the person to the water, 
and thence to the tin again.; I explain the phe- 
nomenon in this manner, according to my prin- 
ciples; and indeed it cannct be explained in any 
other, as every thing tends to confirm my asser- 
tion, and to prove it in various ways, ‘The con- 
tact of different conductors, particularly the me- 
tallic, including pyrites and other minerals as well 
as cliarcoal, which I call dry conductors, or of 
the first class, with moist conductors, or con- 


ductors of the second class, agitates or disturbs | 


the electric fluid, or gives it a certain impulse, 


Do 
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Do not ask in what manner : it is enough that it 
is a principle, and a general principle. This im- 
pulse, whether produced by attraction or any 
other force, is different or unlike, both in regard 
to the different metals and to the different moist 
conductors, so that the direction, or at least the. 
power with which the electric fluid is impelled 
or excited, is different when the conductor A is 
applied to the conductor B, and to another, C, 
Ina perfect circle of conductors, where either 
one of the second.class is placed between two 
different from each other of the first class, or, 
contrariwise, one of the first class is placed be- 
tween two of the second class different from each 
other, an electric stream is occasioned by the 
predominating force either to the right or to the 
left—a circulation of this fluid, which ceases only 
when the circle is broken, and which is renewed 
when the circle is again rendered complete. This 
method of connecting the different conductors 
will be more readily comprehended by turning to 
the firures, (Plate I.) where the capital letters 
denote the different conductors or exciters (mo-— 
‘teurs) of the first class, and the small letters 
those of the second class. Fig. 1, and 2, express 
the two cases above-mentioned. 

“ T consider it as almost superfluous to ob- 
serve, that when the circle consists merely of 
two kinds of conductors, however different or 

H3 how- 
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however numerous the pieces may be of which 
each consists (as Fig. 3, 4, 5 and 6), two equal 
powers are opposed to each other; that is, the 
electric fluid is impelled with equal force in two 
different directions, and consequently no stream 
can be formed from right to left, or contrariwise, 
capable of exciting convulsive movements. _ 

‘© There are other cases, however, and other 
modes of combination, where the powers are 
equally in eqilibrium, and where no current of 
the electric fluid can take place; or, at least, 
none of such a force as to make an impression .on 
the tenderest nerves, or to excite any convulsive 
movement in the best prepared frog that may be 
placed in the circle, notwithstanding the inter- 
vention of two or more different kinds of metals. 
This is the case when each of these metals is 
placed between two moist conductors, or of the 
second class, and which are very nearly of the 
same kind, as Fig. 7; or when, in a circle of 
three pieces, two of them of the same metal, and 
one of a different metal, are so connected, that 
the latter is immediately between the other two, 
as Pig. 8. 

‘© When one of the ends of the middle piece 
of metal A is immediately applied to one of the 
two pieces Z, but, instead of mmediately touch- 
ing with the other end, the other piece Z touches 
an intermediate conductor of the second class, 

either 
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either great or small, either a drop of water, a 
piece of raw or boiled flesh, or of sponge not 
moist, paste of meal, jelly, soap, cheese, or the 
white of an egg boiled to hardness, in this new 
combination, represented by Fig. Q, (where a 
conductor of the second class, m, is between two 
of the first class, A and Z) the powers are no 
longer opposed to each other; and this is suffi- 
cient to determine an electric stream. When 
g, therefore, in fig. Q, is a prepared frog, it will 
always be violently agitated as often as this circle 
is made complete. 

“‘ It may be readily perceived that the two 
last experiments represented by Mig. 8 and Q, 
coincide with those announced by M. Hum- 
BOLDT, where a drop of water, a small bit of fresh. 
meat, or avery thin stratum of any fluid, per- 
forms the whole wonder. When another drop 
of water, or any other aqueous conductor, is ap» 
plied between the other end of A and the other 
corresponding piece Z (as shewn Fig. 10), each 
piece of metal is insulated, as I shall express it, 
between two aqueous conduétors : but then the 
powers from right to left, and from left to right, | 
are again completely opposed to each other; 
consequently the electric stream is impeded, and 
the frog remains without any movement. It is, 
therefore, absolutely necessary that two different 
metals or conductors of the first class, should be 

HA in 
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in immediate contact with each other, on the 
one side, while with their opposite~ends they 
touch conductors of the second class. 
‘© We might consider this mutual contact of 
two different metals as the immediate cause 
which puts the electric fluid in motion, instead 
of ascribing that power to the contact of the 
two metals with the moist conductors. Thus, 
for example, in Fig. 1, instead of ‘admitting two 
different actions, at least, in regard to the mag- 
nitude of the power, one where A comes in con- 
tact with a, and another where Z comes in con- 
tact with a also, by which an eleCtric current 
arises in the direction from Z to A, we might 
suppose only one action at the point where A 
comes in contact with Z, which impells the fluid 
in that direction. In both suppositions the re- 
sult, as may easily be seen, is the same. But 
though I have reasons for adopting the first as 
true rather than the second, yet the latter repre- 
“sents the proposition with more simplicity, and it 
may be convenient to adhere to it in the expla- 
nation, as it affords a readier view of it. We 
aay then say, that in the cases of Fig. 3, 4,5, 
6, 7 and 10, no effect will be produced, because 
here there is no mutual contact of different me- 
tals: that the effeé also, according to Fig. 8, 
will be null, because A, on two opposite sides, 
is in contact with Z and Z, and the actions there- 
fore 
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fore are in equilibrium ; and lastly, that an elec- 
tric current will be occasioned in Fig. 9, by the 
aGion which arises from the contact of A and Z, 
and which is counteracted by no other contact of 
the like kind. 

‘«¢ Having seen the result of employing three 
pieces of metal, or conductors of the first class, viz. 
two of one kind and one of a different, when com- 
bined sometimes in one way and sometimes in an- 

other, with conduétors of the second class, we shall — 
now try what will be the result, according to my 
principles, with four pieces of metal, two of which 
are of one kind; for example, zinc, when con- 
nected with moist conductors of different kinds. 

** IT shall first observe, that when they are 
connected in a circle, as at fig. 11, the powers 
which endeavour to put the electric fluid in a 
streaming movement, will be opposed to each 
other, and in perfect equilibrium, and that con- 
sequently no movement can take place in the 
frog, here supposed to be the moist conductor a, 
or a part of it, however irritable and well pre- 
pared it may be; and if the experiment be made 
with accuracy and the necessary precaution, so 
that the metals, in particular, be very clean and 
dry at the points of contact, it will perfectly con- 
firm what I have above said: the frog will expe- 
rience no agitation, no convulsive movement. 

‘* ‘These movements, on the other hand, took 
place, as might be foreseen from my principles, 


as 
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as often as I omitted one of the middle pieces, or 
changed the order. 

‘* The conductors of the second class, which 
in all the figures are denoted by small letters, 
may be cups with water, in which the ends of 
the pieces of metal denoted by the large letters 
are immersed ; or sponges or other bodies which 
have imbibed aqueous moisture. They may be 
either large or small; and may consist of one or 
more pieces, provided they be m proper con- 
tact: they may also be persons, if their skin be 
moistened at the places of contact, &c. _ By the 
last method the experiments will be very beauti- 
ful and incessant, when the circle consists of 
three or more persons (1 have formed it fre- 
quently of ten, and even more), of two or more 
frogs properly prepared, and of four pieces of 
metal, two of silver and two of iron, tin, and par- 
ticularly zinc. The change of effect, when you 
change the connexion, is striking. 

«* Let the position be-as represented in Fig. 12, 
where g is the prepared frog, which the two per- 
sons p, p, hold in their hands, one on the one 
side by the feet, and the other on the opposite by 
the rump. Z,Z, are two plates of zinc, which 
are held also by these persons, and A, A, two 
‘pieces of silver, which are held by a third person, 
denoted also by p. It must not be forgotten 
that the hands should be very moist, as the dry 

| | skin 
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skin is not a conductor sufficiently strong. As 
in this chain the actions of the electric exciters 
are opposed to each other, and in exact equili- 
brium, as may be readily perceived, no convul- 
‘sion or agitation in the frog will take place. 

** Now, let one of the metallic pieces A, Z, 
which stand between the two persons p,p, or 
between any other moist conductors, be left in 
combination as it is; and let the position of the 
two other metallic pieces A,Z, be reversed, by 
converting Fig. 12 into Fig. 13 (so that the ac- 
tions, instead of being contrary, will act together 
to impel the electric fluid to one side or to pro-. 
duce the same current); or introduce between 
‘A and Z another person, or any other conduc- 
tor of the second class, so that the chain be 
formed asin Fig. 14; or take away one of the 
pieces A,Z, in Fig. 12, and make the chain like 
those of fig. 15 and.17; or, in the last place, 
remove the whole two pieces A, Z, either in the 
-one or the other side, as represented fig.17 (by 
which means it will correspond with fg. 1, as 
the whole chain p, g,p, p, may be considered as a 
single moist conduétor of the second class) ; in’ 
all these combinations, which are represented by 
. fig. 13, 14, 15, 10, and 17, the aciions arising 
from the metallic contacts are no longer.contrary 
to each other, or in equilibrium, as they were in 
Fig. 12; consequently an electric stream is pro- 

duced, 
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duced, and the frog g, which I suppose to be 
properly prepared, and which forms a part of the 
chain, will be violently agitated as often as the 
circle, when broken at any one place, particu- 
larly between metal and metal, is again restored. 
** In regard to the experiment where a moist 
conductor, or one of the second class, is to be 
introduced between the two pieces A,Z (Fig. 14), 
that is, between two different metals, a drop of 
water, or a small bit of moistened sponge, or a 
thin stratum of any fluid, soap, or any other vis- 
cous matter, will be quite sufficient, as I have 
already observed respecting Fig. 9. This sur- 
prizing experiment I generally make in such a 
manner, that, instead of the piece of metal, I 
employ a cup or spoon filled with water, and then 
cause the person who holds the perfectly dry and 
pure stick of tin, to touch with that stick some- 
times the perfectly dry sides of the spoon or cup, 
and sometimes the water contained in them. 
It is wonderful to see, that as by the latter me- 
thod the violent agitation of ‘the frog never 
ceases, the first. method, which corresponds with 
Fig. 12, does not produce the least irritation ;, 
unless by accident there be a small drop of wa- 
ter, or a thin stratum of moisture, at the place of 
contact, by which the case represented Fig. 14 
would be restored. ‘This may serve to shew with 
what care ahd attention the experiment must be 
made, 
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made, in order to guard against error or decep- 
tion, which might so easily arise, and every 
where exhibit anomalies. 

“© When I introduce water or any other moist 
body, great or small, not merely between one 
pair of metallic pieces, A,Z, as Fig. 14, but be- 
tween two pairs, as represented Fig. 18, each 
piece of metal is between like moist conducors, 
and by these means all the actions are again ren- 
dered contrary, or brought into equilibrium ; or, 
according to the other mode of viewing the mat- 
ter, there is no longer any action, for want of 
the mutual contact of two different metals, which, 
as we have seen, is certainly necessary to excite 
an electric current; and it 1s always found that 
the frog experiences no agitation. 

** I shall not enlarge farther on these combi-- 
nations, which may be varied ad infinitum with a 
greater number of metallic pieces, and by which 
one may be enabled to foretell the phenomena 
which, according to my principles, will always be 
found to take place. It will be sufficient, for the 
present, to draw this conclusion, that in a circle 
consisting merely of two conductors, however 
different they may be, their mutual contact can: 
produce no electric stream sufficient to excite 
sensibility, or muscular movement ; and that, on 
the contrary, this effect infalliby follows as often 
as the chain is formed of three conductors, on¢ 

of 
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of one class, and two different from each other 
of another class, which come into mutual con- 
tact with each other, and that this effect will be 
stronger, the greater the difference is between the _ 
latter; that in other cases, where there are more 
than three different conductors, the effect either 
is not produced, or will be produced in different 
degrees, according as the forces called forth by 
the different combinations, which will be ex- 
panded at each heterogeneous contact, and which 
are often in opposition, and endeavour to impel 
the electric fluid in opposite directions, are per- 
fectly in equilibrium with each other (which 
must be a very rare case), or when the sum of 
those which exert themselves in one direction is 
more or less exceeded by the sum of those which 
at in another direction. | 
‘© J shall here, however, leave the two com- 
plex combinations, and return to the simple cases, 
those with three different conductors, represented 
by Fig.1, which are more demonstrative ; or, in 
other words, those with two different metals or 
~ conductors of the first class, which are in con- 
tact with each other, and are applied on the 
other side to moist conductors, or conductors of 
the second class. ‘This method has been com- 
| monly employed since GaLvant’s discovery, and is 
in exact proportion with the diversity of metals, on 
which I consider the whole phenomena to depend. 


6« The 
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—* The other method of combination, which is 
expressed by Fig. 2, or that of a metal placed 
between two different moist conductors, for ex- 
ample, between water on the one side, and an 
aqueous, saponaceous, or saline fluid on the other, 
I discovered in the autumn of 1794; and though 
since that period I have repeated the much varied 
experiments of different persons, both foreigners 
and others, among which was that of M. Hum- 
BOLDT, and though I wrote'to several correspond- 
ents respecting it, that light has not yet been 
thrown on this new phenomenon which it seems 
to deserve. : 

“<The singular circumstance before mentioned, 
in regard to the acid taste when the tongue is 
brought into contact with an alkaline liquid, be- 
longs, as you may perceive, to this second method 
of exciting the electric fluid, and putting it in cir- 
culation (if the tin vessel be touched on the out- 
side by the hand moistened with water, and on 
the inside by the alkaline liquor), and shews that 
this current is no less strong and active than that. 
excited by the first method, viz. by employing 
two sufficiently well-chosen metals, such as lead 
and copper, iron and silver, zinc and tin. I must 
here observe, that though with tin alone, placed 
between water and an alkaline liquor, you obtain 
nearly the effect which is produced by two of the 
most different metals, as silver and zinc, com- 


bined 


112 VOLTA ON ANIMAL ELECTRICITY. 


bined with any conduétor whatever of the second 
class; you can obtain the same, and even in a 
higher degree, with iron alone or silver alone, 
when the iron is introduced between water on 
the one side and nitrous acid on the other, or 
when the silver is applied between water and a 
solution of sulphure of pot-ash. 

“If you take a frog, the head of which has - 
been cut off, and which has been deprived of alk 
life by thrusting a needle imto the spinal marrow, 
and immerse it, without skinning it, taking out 
the bowels, or any other preparation, into two 
glasses of water, the rump into one, and the leg 
into the other as usual, it will be strongly agi- 
tated and violently convulsed when you connect 
the water in both glasses by a bow formed of two 


4 


very different metals, such as silver and tin or 
lead,.or, what is better, silver and zinc; but this 
will by no means be the case when the two me- 
tals are less different in regard to their powers, 
such as gold and silver, silver and copper, copper 
and iron, tin and lead. But what is moge, the 
effe@ will be fully produced on this so little pre- 
pared frog when you immerse in one of the two 
glasses the end of a bow merely of tin or zinc, 
and into the other glass the other end of this 
bow, which has been rubbed over with a little 
alkali, You may perform the experiment still 
better with an iron bow, one end of which has 


been 
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been covered with a drop or thin coating of ni- 
trous acid; and beyond all expectation, when you 
take a silver bow having a little sulphure of pot- 
ash adhering to the end of it. 

“* Fig.19 represents the form of this experi- 
ment, where g is the frog, a,a, the two glasses 
with water, A the bow formed of one single me- 
tal, and m the drop ora thin stratum of a mucous, 
saline, &c. fluid, with which the bow has been 
rubbed over, and which on this side is between 
the metal and the water. | 

‘© The very considerable difference in regard 
to the quantity of effect in the before-mentioned 
experiments already shews, that if the electric 
stream excited by contact is strongest towards a 
certain metal, when that metal is placed between 
a certain fluid on the one side, and another fluid 
on the other, there are other fluids which pro- 
duce a greater effect with another kind of metal ; 
so that it will be necessary to discover by expe- 
riment the particular arrangement of conductors 
suited to each metal, in. which the fluids or con- 
_ ductors of the second class must be disposed ac- 
cording to their activity. I have paid great at- 
tention to this circumstance, and have formed 
several tables, which I shall publish as soon as I 
_ have brought them to perfection. 

“ T shall here, however, only observe, that in 
order to class, in some manner, the innumerable 
different moist conductors of this kind, I distin- 

VOL. I. i ae a gush 
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guish them into aqueous, spiritous, mucous, and 


gelatinous, saccharine, saponaceous, saline, acid,. 


alkaline, and sulphurous (livers of sulphur) l- 
quids ; that I make subdivisions in the acids, 
down to the best known simple mineral. acids, 
(as I find in this respect great difference between 
the nitrous and the muriatic acids, ) comprehend- 
ing the principal vegetable acids and the acid of 
galls; and do the same in regard to the saline 
fluids, according as they are solutions of neutral 
salts, earthy salts, and particularly metallic 
salts. 


'« When it can be determined in what order . 


all these kinds of fluids follow each other, in re- 
gard to the power in question, for the metal A, 
and.another for the metal B, &c., we shall then 
‘be in a condition to determine what place must 
be assigned to a great number of other hetero- 
geneous fluids, whether mineral, vegetable, or 


animal, which belong to several of the above 


classes. In general, the order for the greater 
part of the metals hitherto observed is as follows : 
ist, pure water; 2d, water mixed with clay or 
chalk (which shews a pretty different effect 
when the before-mentioned experiment is made 


with two glasses, a bow of tin or zinc, and a 


properly prepared frog, which has a sufficient 
degree of vitality); 3d, a solution of sugar; 
“Ath, alkohol; 5th, milk; Oth, mucilaginous 
fluids; 7th, animal gelatinous fluids; sth, wine; 


oth, ! 
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gth, vinegar, and other vegetable juices and acids ; 
10th, saliva; 11th, mucus of the nose; 12th, 
blood; 13th, brains; 14th, solution of salt ; 
15th, soap-suds; 16th, chaik-water; 17th, con- 
centrated mineral acids; 18th, strong alkaline 
leys;. 19th, alkaline fluids; 20th, livers of sul- 
phur. With some metals there is, however, a 
considerable deviation from this order, in regard 
to livers of sulphur, alkaline fluids, and the ni- 
trous and saline acids. 

« As tothe metals, which in their position 
between these different fluids are more or less 
proper for the electric effect in question, I have 
found in general, that tin exceeds all others, and 
that silver is the worst; except when one of the 
fluids betwixt which the silver is placed is wa- 
_ ter, or any other aqueous condu¢tor, and the 
other liver of sulphur: in this case silver far ex- 
ceeds zinc, and even tin. Iron also produces a 
much greater effe@ than any other metal, when 
it is in conta¢t, on the one side, with mere water 
or an aqueous conductor, and on the other with 
the nitrous acid, were it even only a drop. The 
excitement occasioned in both cases is wonder- 
ful 5) since it exceeds, as I have already remarked, 
that produced, according to the usual method, 
by means of a double metallic bow, even of dif- 
ferent metals, as zinc and silver, applied to con- 
ductors of the second class of the same kind. 

42 ae it 
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It is sufficiently strong and powerful to produce 
convulsive movement in a half-prepared frog, 
the bowels of which have not been taken out, 
when one of the two moist conductors is a con- 
centrated alkaline solution, and the metal placed 
between them is zinc, or rather tin. With 
other metals and other fluids vou can seldom 
produce convulsions in a frog, if it be not per- 
fectly prepared, or at least embowelled. 
<« The reader will readily perceive, that when 
a bow of one and the same metal touches with 
both its ends the same kind of saline water, the 
same acid, the same alkaline fluid, &c. an elec- 
tric stream will not take place, as happens also 
when it touches on each side merely water: in 
that case two opposite actions are opposed to 
each other, and keep each other in equilibrium. 
That these contrary powers, however, may be in 
perfect equilibrium, it 1s necessary that the fluids 
applied to both ends of the homogeneous metal- 
line bow be exactly of the same kind and of the © 
same strength. For this reason the most care- 
ful attention and a certa’n dexterity are required, 
in order to ensure success to the experiment, 
which I have often performed to the great asto- 
nishment of the spectators, and which any one 
may repeat as was done by my friend Humgotpr. 
That philosopher has already published some of 
the most striking and decisive of these experi- 
ments 
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ments in his second letter ; and I shall here give 
a more particular account of them. 

« Having placed a completely or only half-pre- 
pared frog as usual in two glasses of water, take a 
very clean bow of silver (it will be best when it has 
been washed with water from the glasses), and 
immerse both ends of it at once, or the one after 
the other, in the glasses, no agitation of the 
frog will be occasioned. Repeat the experiment, 
after you have daubed over one end of the bow 
with the white of an egg, liquid glue, saliva, mu- 
cus, blood, a solution of tartar, or any other 
fluid or condudling substance sufficiently diffe- 
rent from pure water. First, immerse the pure 
end, or that moistened merely with water, in the 
water of one of the glasses ; and afterwards the 
other end, daubed over with the above sub- 
stances, in the water of the other glass; you will 
then infallibly produce a convulsive movement 
in the frog, and several times in succession, if you 
draw out the bow and again immerse it until 
nothing more of the above substances is left ad- 
hering to the metal, or until the metal, with its 
ends in both the glasses, touches only pure, or 
nearly pure, water. Daub both the above sub- 
stances uniformly over both ends of the bow, and 
immerse them at the same time in both the 
glasses of. water, and no convulsions will arise. 
They will often be produced in newly prepared 

Le : and 
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-and highly irritable frows, when the saline fluid, 
or, in general, the substance with which the ‘two 
-ends of the bow are datibed over, is not perfectly 
‘the same, or ‘when the substance at the one 
end is more diluted than at the other, &c. 
Wash and clean carefully the one end of the 
‘bow, daub over.the other more or less, and con- 
vulsions will be again produced ‘as soon as the 
circle is made ‘complete by the double immer- 
‘sion of the bow. Clean both ends completely, 
“and no asitation will arise, as in the first experi- 
MECN N ot 

~ © For comparative experiments of this kind, I 
“would -recommend viscous fluids or ‘substances 
“rather than saline, because the latter are too soon 
~ dissolved in the water. * Tt oft-times happens that 
“the convulsions of the frog, when it ‘is ‘com- 
“pletely prepared and highly irritable, take place, 
“though both ends of the metallic bow are daubed 
“over ‘with ‘the same kind of saline fluid. ‘The 
“cause of this is, that when one end is immierséd 
"in the water after the other (and it may be easily 
seen that it is impossible to do so in a moment 
‘with sufficient accuracy), the ‘one end of ‘the 


~ bow loses a portion of its saline substance sooner - 


than the other, or at least the adhering part 1s 
more diluted by the water, so that the fluid with 
which both ends have been daubed: over is no 
longer-the same. a 

? | ‘< Por 
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 & For these experiments I would also recom- _ 
mend silver, as a metal that is less liable than 
others to be attacked and changed by saline and 
other liquids. Tin, lead, copper, and in particu- 
lar iron, are more susceptible of lasting variations ; 
so that bows of these metals, and of iron above 
all, retain for a long time the power of pro- 
ducing convulsions in a newly prepared and 
highly irritable frog, even when both the ends of 
the bow are immersed in two glasses of water, 
although the places of the metal, attacked by 
any of the saline fluids, have been carefully 
washed and cleaned. <A ‘superficial alteration in 
the metal is sufficient to prodece this change, as 
may be easily seen. ‘These variations often shew 
themselves to the eye by a yellow blackish spot, 
&e. which it is difficult to remove. I do not | 
here speak of lasting variations, that: proceed to a 
greater depth, which can be produced in the end 
‘of the metallic bow, and particularly in tron, 
when its hardness is changed ; a process by which 
such a bow can be rendered capable of producing 
not only convulsions in frogs, but also a particu- 
lar sensation on the tongue, and light before the 
eyes, if both its ends, made perfectly clean, are 
‘only brought into contact with ‘pure water. 
These, and many other experiments of the like 
kind, form the chief subject of my first letter to 
the Abbé Vassarur, Professor of Natural Philo- 

ye sophy 
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sophy at Turin, written in the beginning of the 
year 1794, and afterwards published with the 
other in Bruenarexut’s Journal. 

*< If silver be less exposed to be attacked by 
saline and other fluids (except by liver of sul- 
phur, which instantaneously renders it black) ; 
if it be less susceptible of considerable and last- 
ing variations, and has therefore this advantage 
over other metals, that it is liable to fewer irregu- 
larities ; tin, on account of its greater activity, 
that is, the strength of the effects which it pro- 
duces by being brought into contact with almost 
all moist conductors, as I have already observed, 
is to be preferred to silver, and in a certain de- 
gree to all other metals. The experiment I have 
already described with a tin bason filled with an 
alkaline fluid, and held in the hands moistened 
with water, by which an acid sensation 1s excited 
on the tongue when brought into contact with the 
above fluid, is a proof of it; forit would be vain 
to expect a like effect from a bason of lead, iron, 
of copper, and much more so from one of silver. 
With the latter it would be obtained only when 
it contained liquid liver of sulphur ; and in that 
case the acid taste would be pretty strong. 

« The electric fluid is excited also with the 
greatest strength and activity, when the metal is 
tin, between water and a saline fluid: but it will 
be excited with still greater energy to produce an 

| acid 
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acid sensation on the tongue when the tin is” 
between water an an insipid mucilaginous fluid ; 
or when the experiment is made with a tin bason 
filled with a solution of gum, liquid glue, white 
of an egg, &c. The other metals, in like cir- 
cumstances, produce some effect, but much 
weaker: silver produces the weakest, except 
with liver of sulphur, as I have already ob- 

served. 
<«« A like experiment, which I made three years 
ago, and exhibited to various persons, not with 
two different fluids and one metal, as in that 
above described, but contrariwise, with two me- 
tals of a different kind and a fluid, is already 
known. I took a bason of tin (one of zinc is 
better), pleced it on a silver stand, and filled it 
with water. When any of the persons in com- 
pany applied the tip of his tongue to the water, 
he found it perfectly tasteless as long as he did 
not touch the silver stand; but as soon as he 
laid hold of the stand, and grasped it in his hands 
well moistened, he experienced on the tongue a 
very perceptible and pretty strong acid taste. 
This experiment will succeed, though the effect 
is proportionably weaker, with a chain of several 
persons who hold each other’s hands, after they 
have been moistened with water, while the first 
applies the tip of his tongue to the water in the 
bason, 
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“bason, and the last lays hold with his hands of 
the silver stand. 3 
‘If these experiments, in regard to the taste 


“excited on the tongue by’the action of two diffe- 


rent metals, are striking, the others, in regard to 


‘ the taste excited, aibaified and changed by one 
“qnetal between two different fluids, are no less so, 


and they are also newer. They are still interest- 


ing on this account, that they discover to us the 


eausé of that taste often. perceived in water and 


t 


other liquids, which is more or less considerable 


“or various when drunk from vessels of metal, and 


: ‘particularly of ‘tin. When the outer extremity 


of the vessel is applied to the under lip, rendered 


mioist by the’saliva, and the tongue is extended 


‘‘so'as to be in contact with the water, beer, wine, 


&c. in the vessel, or‘when the tongue is bent ‘as 
is done in-drinking, is there not then a complete 
circle, and is-not the metal between two more or 
less: different liquids, that is, between’ the saliva 
of the under lip and the liquor in the cup or 


~ vessel: op SA Sttoriger or weaker electric stream 
iat thereby ‘be “occasioned, according as the 


fluids’are’ ‘different—a stream which will not fail 
in its way to affect the sensible organs ‘of the 


tong one in the said circle. 
ee Besides the’two methods already considered, 


“of ‘producing an tle@ric current, that is, by means 


of 


— 
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of one or more moist conductors, .or conductors 
of the second class placed between two different 
‘metals or condu&tors of the first: class; or con- 
trariwise by means of a conductor of the first 
class placed bétween two of the second class, also 
different; there is still a third method of exciting 
the elefric fluid, ‘though in a degree so much 
weaker, that it is scarcely capable of causing con- 
vulsions in a perfectly prepared frog, in which 
there is still a strong degree of vitality.. This 
new method consists in forming ‘the circle of 
‘three different conductors, all. of the second 
‘class, without the intervention of one of the first 


or a metal one. Some think ‘they find in this 


méthod a strong'objeCtion against my principle. 

Fig. 20, represents this third method compared 
with the other two*. .In the experiments of 
Professor Vai, respecting which so much noise 
has been made without any reason, ¢ represents 
the leg of the frog, and particularly the hard ten- 
dinous part of the musculus gastrocnemius; m the 
rump, or the muscles of the back, or the ischiatic 
nerves, to which the said tendinous parts are ap- 
plied; and a the blood, or ‘the viscous sapona- 
ceous or saline fluid, applied ta. the —_ of 
eontact. an 


See Platt 1, 
«< T have 
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‘* I have fully described this new method, 
where no metal is used, in my third and fourth 
letter to Professor VassaLii, written in the au- 
fumn and winter of the year 1795. I have there 
shewn, that these new facts, far from altering 
my ideas and principles, serve rather to establish 
them; and that they render more general the 
principle that the conductors, by heterogeneous 
contact, that is, of two different from each other, 
become exciters. of electricity, and confirm the 
beautiful law arising from it, that to produce an 
electric. stream, the circle must necessarily be 
formed of three different conductors. You now 
see in what the whole secret, the whole magic 
consists; and that it depends not merely on me- | 
tals, as might have been believed, but on all the 
different conductors. As long as we adhere to 
these principles, it will be easy to explain all the 
before-mentioned experiments without being re- 
duced to the necessity of having recourse to any 
‘Imaginary principle, or any peculiar and active 
electricity of the organs. By their assistance you 
will be enabled to invent new experiments, and 
to foretell the result of them, as I have several 
times done, and still do daily. If you, however, 
abandon these principles, you will find nothing 
but uncertainty and contradi¢tion, and the whole 
will be an inexplicable problem.” 


The 
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The following postscript to these letters was 
afterwards published by Professor Vora. 
““ Some new facts, lately discovered, seem ta 
_ shew that the immediate cause which excites the 
eleric fluid, and puts it in motion, whether it 
be an attractive or a repulsive power, is to be 
ascribed much rather to the mutual contact of 
two different metals, than to their contact witl 
moist conductors. But, though it cannot be de- 
nied that in the latter case there exists an action, 
it is proved that it exerts itself in a far more con- 
siderable degree when the two metals mutually 
touch each other. ‘There arises by the mutual 
contact, for example, of silver and tin, an action 
or power by which the former communicates the 
eléCiric fluid, and the latter receives it; or the 
silver suffers it to escape, and the tin attracts it. 
This produces, when the circle is rendered com- 
plete by moist conductors, a stream, or continual 
circulation of the fluid. When the circle is com- 
plete, there is an accumulation in the tin at the 
expence of the silver; which indeed is very small, 
and far under the point necessary to enable it to 
announce itself by the most delicate electrometer. 
i have however been able, by the assistance of 
my condenser, constructed on a new plan, and 
still better by Nicnoxson’s doubler, t@ render 
it very perceptible: I shall here communicate the 
result 


¥ 
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result obtained by my experiments, which I made 
some time ago with great satisfaction. 

‘¢ Eaperiment I. ‘The three plates of the 
doubler are of brass. I took two strong wires, 
one of silver and the other of tin, and brought 
the former into contact with the moveabie plate, 


and the other with one of the fixed plates ; 
“while they both rested on the table, or, what is 


better, on moist pasteboard, or any other moist, 
conductor, so as to be in communication by the 
intervention of one or more conductors of the 
second class. I suffered the apparatus to remain 
some hours in this state, then removed the two 
wires, and put the machine in motion. After 
20, 30, or 40 revolutions (or more when the at- 
mosphere was not dry, or the insulation imper- 
fect), I brought one of my straw electrometers 
into contaét with the moveable plate, and ob- 
served indications of positive electricity (+E) 
which arose to 4, 6, 10 degrees, and more. If 


. I suffered it to touch the fixed plates, I had the © 


corresponding indications of the opposite kind of 
eleCtricity (—E). 

‘“* The silver, therefore, poured the elastic 
fluid into the brass plate when it had been some 
time in contact with it; and the tin attracted it 
from tlhe other plate, which was also of brass, 
while in contact withit. This was confirmed by 

the 
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the following experiment, whions 3 is a real experi- 
mentum crucis. 

« {I.. L reversed the noenee so that the 
silver was in contact with one-of the fixed plates, 
and the tin with the moveable one. ‘The elec- 
tricity which | obtained. from the latter, after the 
apparatus had remained a sufficient time in that 
position, was negative (—E) ; while-that of the» 
fixed plate was positive (-++ I). 

‘* WI. lL applied only the tin wire to the move- 
able plate, and-insulated the two fixed ones, or 
brought them into communication with the table 
or any other moist conductors with which the 
tin wire was in contact. ‘This simple conta& of 
the tin with the brass, of which the moveable 
plate consists, is sufficient to excite im it a very — 
small degree of negative electricity ; ong? a Annas 
tume is required. | 

<< ‘Those acquainted with the action of electric 
atmospheres, and the construction of the doubler, 
will need no farther explanation, to enable them _ 
to comprehend the mode of action of this very 
ingenious instrument ; how the electricity, once 
obtained from the moveable plate, must occasion 
an opposite kind in the fixed plates, and wce 
versa ; how the opposite kinds of electricity are 
increased by each revolution of the machine, &c. 
In.the present experiment, therefore, when the 
moveable plate is — Ii, the fixediplate must be +E. 

<<) Te. 
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« TIT. This isthe reverse of the former. The 
piece of tin was applied to one of the fixed plates, 
and the metallic one was insulated from all me- 
tallic contact. The result was now reversed ; 
that is, the fixed plates were electrified nega- 
tively, and the moveable one had positive elec- 
tricity. 

‘« All these experiments succeed much better, 
and in a shorter time, if, during the mutual con- 
tact of the different metals, the moveable plate 
be opposite to either of the other two that are 
fixed ; but still better when a piece of thick pa- 
per, such as acard, not moist, and of a thickness 
equal to the intermediate space, is placed between 
the two plates that stand opposite to each other. 
It is of advantage to leave the card some time in 
its place, and not to remove it till the moment 
when the metals in contact are removed and the 
~machine put in motion. To render the insula- 
tion complete, and make the contact of the me- 
tals immediate, without the least moisture, which 
would be highly prejudicial, it will be proper to 
‘place the apparatus in the sun. Half an hour, 
and often less, will then be sufficient to obtain 
the required electricity, &c¢.; whereas, in other 
cases, several hours are necessary before the de- 
sired result can be obtained. A representation 
of this experiment is exhibited by Fig, 21, 22, 
23 and 24, (Plate I.) LLL (fig. 21 and 22) 
es are 
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are the three brass plates of the doubler; A the 
the piece of silver which is in contact with one of 
these plates ; E the piece of tin applied to the 
other plate, which is opposite to the former ; 
aa, the moist conductor, or chain of moist con- 
ductors which form a communication with the 
pieces of metal. When the silver, as in fig. 3h, 
is in contact with the anterior moveable plate, it 
wives up to it a little of the electric fluid, and 
the latter accumulates as much of it as possible ; 
consequently the electricity of the plate becomes 
positive, as the sign + of the plate shews: 
whereas the tin attracts the eleGric fluid from the 
corresponding fixed plate, which by these means 
has negative eleciricity, as the sign (—) of the 
plate indicates ; and it even communicates this 
eleGricity to the other fixed plate, which there- 
fore has the sign {—) also. 

*« In Fig. 22, every thing is reversed: the 
moveable plate is negatively electrified (—E), 
while the two fixed plates become positive (+ E). 

** Lastly, in the 23d and 24th Figure, it is seen 
that the tin abstracts the elediric fluid from the 
brass plate with which it is in contac. This _ 
plate is therefore negatively electrified, or has” 
-— Ei; and by the action of its atmosphere occa- 
sions positive eleCiricity (-+ E) in the other plate 
standing opposite, which is in communication, 
either with the third plate, 

VOL. 1, Ka 
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: what 


130 VOLTA ON ANIMAL ELECTRICITY. 


what is still better, with other condudors, as Fig. 
94, ‘These opposite clectricities increase after- 
wards with each revolution of the machine; the 
action of which, according to the theory of elec- 
tric atmospheres, produces this effect to the de- 

- gree mentioned, and justifies the appellation of 
doubler of eleétricity, which has been given to 
this mstrument. wc) 

‘* IT now come to the experiments, which 
shew that we are to seek for the cause which calls 
forth the aStion of the electric fluid; which ex- 
cites it, of whatever kind it be; determines its 
transition, &c. much rather in the mutual con - 
tact of the metals, than in the contact of the 
moist conductors with these metals. ‘Phough, 
according to every circumstance, we must admit 
some action of this kind in the latter conta¢t, it 
cannot be denied that the former is certainly the 
most effectual. At present I shall only mention 
the two following experiments, which I contrived ° 
in such a manner that they may serve to explain 
a question of this kind. . | 

« V. [left the two fixed plates of brass with- 

yout making any alteration; took off the third 
~ moveable plate, and supplied its place by one of 
tin; and arranged the machine in such a man- 
ner, that the latter stood opposite to one of the 
other two plates. I then applied to this tin 
plate a bit of brass, and to the opposite fixed plate 
} of 


| 
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of brass a’piece of tin. After a convenient time, 
_ {for example an hour, when the weather was 
perfectly dry), I took away the two pieces of me- 
tal, or only that of brass, and made the moveable 
plate of tin, which was in contact with the piece 
of brass, to revolve about thirty times. It then _ 
gave me very perceptible marks of positive elec- 
tricity. | 
«¢ VI. I reversed the former experiment, and 
made the piece of brass touch the brass plate, 
and the piece of tin the plate of the same metal. 
I, however, obtained nothing, or almost nothing ; 
even when the apparatus was left a much longer 
time in that situation, and when the machine 
had made twice or three times as many revolu- 
tions. 23 
« These two experiments are represented by 
Fig. 25 and 20; where L is the piece of brass ; 
iE that of tins and @a@ the moist conductors 
which connect the two different pieces of metal. 
‘* In the arrangement of Fig. 20, the same 
contact of different metals, viz. brass on the one 
side, and tin on the other, with the same kind of 
moist conductor, takes place, as well as in the 
preceding experiment of Fig. 25. The addition 
‘of the electric fluid in the one, and the abstrac- 
tion of it in the other, ought therefore equally 
to take place, though in an inverted order, when 
the action on the fluid calls forth the moving 
K 2 power, 


tt 
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power, by this contact of the two metals L, E, 
with the moist conductor between them; and 
yet this is not the case, as no signs of electricity 
are obtained even after a long time, and when the 
machine has been caused to make twice or three 
times as many revolutions. The condition essen- 
tially necessary to obtain electricity is, that the 
different metals must be in contact with each 
ether, which is the case in Fig. 25, but not in 
Fig, 26. 

«© When the machine has been repeatedly 
turned, something may be obtained. ‘This arises 
either from some small remains of old electricity, | 
which could not be destroyed or dissipated in the 
time during which the arrangement of Fig. 26 
was continued; or even from fresh electricity, 
which the moveable plate may have obtained from 
the atmosphere or vapours during the pretty con- 
siderable time of the machine being in a state of 
revolution ; or some accidental difference, either 
between the two tin or the two brass pieces, may 
be the cause of some aétion on the ele@tric fluid, 
or of some derangement in regard to the equili- 
brium. In the last place, the contact of the 
moist conductor with the tin on the one side, or 
with the brass on the other, may have a diffe- 
ent action, which, in my opinion, must be very 
small, but yet is not entirely without effect. 

** As it is now proved that, according to the 

arrange- 
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arrangement of the sixth experiment, nothing, or 
almost nothing, is obtained by 40, 60, and even 
80 revolutions of the doubler, while a’ great deal 
is obtained by that of the fifth with 20 or 30, we 
must therefore conclude that the contact of two 
‘metals of a different kind with moist conductors, 
without the mutual contact of these metals them- 
selves (which is wanting in the sixth experiment, 
avhere brass is in contact with brass, and tin with 
tin), produces nothing, ‘or almost nothing ; and 
that, on the contrary, the mutual contaét of the 
two metals of a different kind, which takes place 
in the fifth experiment, produces the whole, or 
almost the whole, effect.” 
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CHAP. VI. 


Considerations on the organization of animals— 
System of Vaiur combated—Faéts which prove 
the dissimilitude bstween galvanism and ‘elec- 
tricity— Metallic magnetism.and galvanism com~ 

 pared—Relations between the galvanic influence 
and the muscular, nervous, and vascular systems 
of animals—Inquiry into the source from 
whence the respective forces of the nerves and 
muscles emanate. | 


THE work of our learned countryman, 
Fow Ler, intitled ‘* Experiments and Observa-. 
tions relative to the influence lately discavered by 
~ M. Gazvant, and commonly called Animal Elec- 
tricity,” appeared about the time when the 
earliest inquiries of Professor Votra, contained 
in the preceding chapter, were given to the pub- 
lic, that is,an 1793.. After a few reflections on 
the fortunate accidents which have given birth 
to so many important discoveries, he observes 
that the phenomena of galvanism are in a man- 
ner supernatural. In repeating the experiments, 
it would appear that the inquirer would be en- 
abled to penetrate into the great secret of life 
| 3 and 
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and animality. The existence of an animal is, as 
it were, prolonged after its death ; and’such are. 
the surprizing results of galvanism, that the spec- 
tator who witnesses this seemingly prolonged | 
existence, is almost led to entertain a hope that 
death may finally be averted. Bhs: 
Our author now proceeds to take a rapid view 
of the animal organization, as it may be made 
susceptible of a general influence, such as the 
one which forms the basis of his inquiry. He 
begins by pointing out the structure and general 
disposition of the muscles and nerves, the ‘com- 
mon properties of which he afterwards details. 
He remarks that the mode by which an external 
agent excites irritability has not been hitherto 
explained; and that this is one of the primary 
facts, called laws of nature, relative to which we 
are in need of data, to enable us to reason fully 
on it. He points out the different stimulants, 
which he diyides into internal and external, the 
former of them consisting of the various fluids 
applied to the muscles, to enable them to act, 
such as the blood, in the ease of the heart, the 
aliments in that of the stomach, &c.; and the 
latter of the impression of extraneous bodies, 
whether solid or fluid, on the surface of the 

muscles. 
The discussion into which our ahtlige enters 
4n the commencement of his work, may be re- 
KA bh duced 
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duced to these simple fats, that there are, in 
the musculo-nervous economy of an animal, two 
systems of organs very different from each other, 
each of them governed by a particular influence, 
namely, irritability in the case of the muscles, 
and sensibility in that of the nerves. These twa 
influences are reciprocally modified, and are some- 
times dependent, and at other times independent 
of each other, the latter, sensibility, having an 
immediate connexion with the soul. Such, he 
observes, is the analysis of the progress made in 
the investigation of this part of the animal orga- 
nization, ‘at' the time when new facts, and new 
experiments, gave rise to and produced a new 
influence, by the discovery of galvanism. 

The Italian naturalists, by whom so many ex- 
periments have been made on this subject, have 
not hesitated to ascribe to common eleciricity 
the different facts and phenomena they have 
noticed. They have even carried the analogy 
still further, and have deemed themselves autho- 
rized te compare the muscular and nervous sys- 
tems to the external and internal surfaces of 
the Leyden phial, between which, according to 
FRANKLIN’s theory, there exist, when it is charg- 
ed, two opposite states of electricity, one of the 
two surfaces being electrified positively, ‘and the 
other negatively. This also, observe the Italian 


physiologists, is the case with the nerve and the 


muscle ; 


ee 
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muscle; and this happens by the means of a cer~ 
tain faculty in the animal organization, by virtue 
of which one of the two systems is charged at 
the expence of the other. Iixamples of this are 
to be found in the eletrical fishes, such as the 
torpedo and the eel of Surinam, by which. this 
faculty is displayed, in the medium even of a 
liguid conductor of electricity. 

Without either admitting or rejecting this hy- 
pothesis, Fow er subjects it to a very severe 
scrutiny. Among other subjects discussed in his 
work, in which nature is interrogated with great 
sagacity and perseverance, he inquires whether it 
is in reality the electric fluid which is made to act. 
Whether, this being granted, its action is similar to 
that of the Leyden phial. And, lastly, whether the 
infludifee in question is propagated by the means 
ef the nerves, muscles, and organic vessels. 

After having given a short sketch of the his- 
tory of the discovery of galvanism, he confirms 
what had been already noticed by the Italian na- 
turalists, namely, that metals are the best agents 
in the experiments, and that the contact of two 
differént metals is an essential condition. In par- 
ticular imstances, in which a single metal has pro- 
duced contractions, he thinks that this has either 
been owing to the pain felt by the animal, which 
was still alive at the time of the contact, or be- 
cause the metal, however pure it might appa- 

! rently 
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rently be, contained a portion of alloy, or of 
solder*. He attaches some importance to the 
choice of the metals; and observes that zinc on 
the one hand, in contact on the other either with 
gold or silver, produces the most striking effects. 
With the aid of these metals he frequently re- 
excited contractions more than twenty-four hours 
after they had ceased. In making this experi- 
ment the nerve was coated with tin, and a diffe- 
rent metal employed to establish the battery, 
from the coating to the muscle. 

It was found by this naturalist : 

ist, That the bulk of the metals employed in 
the experiment, and the extent of the surface 
brought in contact, had a considerable influence 
in augmenting the effects. 

adly, That water may be employed to establish 
a communication between the metals in contact, 
and the denudated nerves. 

diy, That the duration of the. phenomena 

depends on the season, the nature of the animal’s: 
death, &c. The author frequently succeeded in 


— 


* Tt will be seen in the sequel, that experiments made at a 
subsequent period have proved that this cireumstance is not of 
so much importance as had been before apprehended, and that . 
galvanic contractions may be produced without the necessity 
of any metal being employed in the apparatus. 


exciting 
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exciting contractions in a frog, the head. of which 
had been cut off three, days before. 

The faculty of exciting, or bringing into action 
the galvanic influence, should, however, he ob- 
serves, be distinguished in the apparatus from’ 
that by which it is conducted or transmitted. 
His attention appears to have been particularly 
directed to this conducting property, between 
which and electricity he noticed a striking ana- 
logy. Notwithstanding metals are excellent con- 
ductors, he feund this not to be the case with 
the metallic oxydes*. ‘The salts which have these 
oxydes for their bases, are but bad conductors. 

Substances which do not possess the property 
of conducting the eleCricity, deny at the same 
time a passage to the influence in question, un- 
less they be in a humid state. It appears to pass’ 
through the-substance of metals, when their sur- 
face is coated with wax, or with any other non- 
conducting substance. It is readily transmitted 


* In the new chemical nomenclature, the name of oxydes is 
given to the combinations of metals with the oxygenous prin- 
ciple which is imparted to them either by the air, by water, 
wr by the acids, and converts them into a pulverulent substance, 
variously coloured, according to the metal from which it is 
formed, and to the quantity of oxygen which is appropriate 
to it. This modification of metals was formerly denominated 
mmetallic calz, 


through 
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through gold or silver chains; but not with an 
equal facility through brass chains, unless they 
are forcibly extended. This tension produces a 
more perfect contact between the rings; and this 
condition is the more essential, as the smallest 
layer of air opposes an insurmountable obstacle 
to the ‘galvanic influence. The temperature of 
the conductor may be varied in a certain degree, 
without influencing the effects. Ice, when per- 
‘fectly dry, is not a conductor. Contractions may 
be excited in a frog without its being skinned. 
For this purpose, nothing more is required than 
to place the animal on zinc or tin, and to touch 
some part of it with silver, taking care that the 


latter metal and the zinc or tin should be in con- — 


tact. This experiment succeeds equally well when 
the frog is.immersed in water. 

Doubts having arisen as to the necessity of 
‘comprehending the muscle in the circuit or bat- 
tery, and the result of several experiments hav- 
ing seemed to indicate that this condition is not 
essential, FowLrer was enabled to ascertain that 
_ it really is so. He observes, that the incertitude 
on this head may be accounted for by the humi- 
dity with which, in certain instances, the surfaces 
are covered, and which must unquestionably per- 
form the office of a conduétor. By this circum- 
stance, which enables the nervous and muscular 
systems to contribute at the same time to the 
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effects of the galvanic influence, Do&or Vauus 
was more particularly led to the comparison he 
drew between these effects and those of the | 
‘Leyden phial. Now, observes Fowzer, in the 
case of the latter, a single conductor, applied to 
the two surfaces, established the equilibrium 
between them by the common explosion; while. 
in that of the galvanic influence, two metallic 
substances are invariably required. A frog, placed 
in an electric bath, and in a manner inundated 
with elefricity, whether negative or. positive, is 
nevertheless equally susceptible of galvanisin, 
The equilibrium between the two coatings of 
the Leyden phial is hkewise established by apply- 
ing the exciting arc to either of them. But such 
an indifference does not exist in the prepared 
frog, in the case of which the contractions are 
much more violent, if the conductor be applied 
in the first instance to the muscle, and afterwards 
to the coating of the nerve. In favour of, his 
hypothesis, Vauz1 contends that a certain space 
of time must be left. to the prepared animal, to 
enable it to recover the faculty of contracting it- 
self, a contraction having been already produced, 
because the Leyden phial is re-charged during 
such an interval. Fowzer urges in reply, that 
the same phenomenon is observed in experiments 
made on the irritability of the heart, when that 
Viscus is taken out of the anim; The excite- 
| ment- 
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ment by which«it 1s produced must likewise aéé 
by intervals; but it will not on that account be 
argued that irritability and galvanism are one and - 
the same thing, and that the heart also is a 
Leyden phial. This part of the system of ‘the 
Italian naturalist in question may, however, fall 
to the ground, without its following that electri- 
city and galvanism are two different agents. An 
approximation of them is established: by so many 
analogies, as to dispose the observer to entertain 
a belief of their ee . his persuasion FowLer 
combats by the following arguments. | 
The primary cause of the cleric phenomena 
consists invariably of motion; imstead of. which, 
in galvanism, motion is the effect and. not the 
cause. In the case of the above cited pheno- 
mena, a single conduting substance. suffices s 
but two. are required to render the influence of 
galvanism manifest. In electric animals, such as 
the torpedo, the effects are subjeAed to -the in- 
fluence of their will; but in the case of the in- 
fluence of galvanism, the will of the animal is 
not consulted. Certain conductors which are | 
highly efficacious in electricity, are but indiffe- — 
rently so in galvanism; and vice versa. The ~ 
most delicate eleGtrometers do not indicate the ; 
influence of the latter, which is insensible to the q 
ordinary perceptions. It is a well known fact, © 
that electricity: exhausts irritability, which galva- — 
nism, * 


~~ 
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nism, on the contrary, appears to augment. On 
this head Fow er observes, that a frog which had 
been some time dead, and which did not, when 
subjected to the galvanic influence, afford any 
token of sensibility, began at length to manifest 
contractions which augmented: afterwards.—To > 
continue his reasoning :—while electricity dis- 
poses the muscles to putrefaction, galvanism, on. 
the other hand, seems to diminish this tendency. 
It is said that the leaves of the: sensitive plant, 
when electrified, display the movements peculiar 
to that plant ; an effect which was not produced 
by galvanism, when a similar application of its 
influence was made. ‘he torpedo does not ap- 
pear to be itself affected by the electric pheno- 
mena it produces on other animals; while, on — 
the other hand, the animals in which galvanism 
is inherent, are themselves fully susceptible of its 

influence. a | 
To the evidences of dissimilitude which subsist 
between galvanism and electricity, our author 
annexes a particular fact, which furnishes an ex- 
ception to the reciprocal independence of galva- 
nism and of the will, such as he, had observed, in — 
- the course of his experiments, in particular cases. 
Frogs in a healthy state were: rarely ated on by 
the ordinary processes of galvanism; but as soon 
as the sciatic nerves had been divided, and the 
influence of the will on the movements of the 
3 extremities 


144. FOWLER ON ANIMAL ELECTRICITY. 


extremities in this way suspended, the contrac 
tions produced by galvanism were as powerful as 
if the legs had been entirely separated. This was 
not owing to the contaét of the metal with the 
wound, which was carefully avoided ; and everi 
when the former was_brought in conta with 
“the denudated nerve, the contraGion did not 
ensue unless the nerve had been previously di- 
vided. It is known that the will has not the 
power to put a stop to the contractions produced 
by electricity ; but it may be seen here, on the 
contrary, that the galvanic movements become 
more powerful in proportion as the will is less 
enabled to thwart them. If these effets are not 
electric, and if the intervention of metals is con« 
stantly requisite to produce them, they must, 
observes Fowner, be due to some new and 
hitherto unknown property in the metals them- 


selves. But, on another hand, the presence “of 


metals is not the only condition required: a given 


state of the animal onganigation is also neces 


sary. 
Such are the principal conclusions: ont anthoy 
draws from the experiments contained in the 


first section of his work. In the second, he in«  — 


quires whether magnetism (the mineral magne- 
tism, properly so called) has any connexion with 


the galvanic influence. His inference is, that the 


contractions excited by a magnet, whether natural 


OF - 
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or artificial, are merely owing to its metallic qua 
lity; and that the same effect would be produced 
by a simple bar of steel or iron. It consequently 
acts, not as a magnet, but as a metal. 

The third section contains an inquiry into the 
connexion which may subsist between the gal- 
vanic influence and the muscular, nervous, and 
vascular systems of animals. The author does 
not undertake to enter into a minute investiga- 
tion of these three subjects ; but. merely consi- 
ders them as a convenient classification, in ar- 
ranging the facts which resulted from his experi- 
ments. As the most skilful anatomist cannot 
succeed in completely separating the muscles 
from the nerves, and as he cannot consequently 
determine, in any given case, whether the gal- 
vanic influence has passed by the former of these 
systems, or by the latter, the galvanic experi- 
ments were in the present instance made on two 
classes of animals, which are conjectured by seve- 
ral physiologists to be unprovided either with © 
brain or nerves, on account of the difficulty of 
discovering in them these organs. Of this de- 
scription are earth-worms and leeches. On this 
occasion the author apprizes his reader, that his 
opinion is altogether different from that of the 
physiologists in question. 

He had an opportunity to notice that the 
¢arth-worms, laid on a circular piece of zinc, dis- 

VOL, I. a’ played, 
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_ played, as soon as a piece of silver was brought 


6 


im contact, contractions precisely similar to those 
manifested by living frags; or, im other words, 
that the contractions were confined to the parts 
which had been previously wounded, and were in 
a cicatrized state. When these worms were sus- 
pended across a rod of silver, and the head and 
tail brought in contact at the same time, with the 
zine, the effed of the galvanic influence was such 
as to produce a shock which extended from the 
tail to the head. The same experiment was tried 
on leeches with a similar effect. It becomes very 
striking when an earth-worm, or a leech, is placed 
én ‘a ‘piece of silver which rests on a plate of 
dinc. Yn this case, the animal ‘seems to be re- 
pulsed by a painful sensation, whenever the an- 
terior part of its body is brought ‘near to the zinc, 
in the efforts it makes to repose itself. It be- 
tomes fatigued by its fruitless exertions to change 


this position, in which it does not appear to be 


rétained by any visible obstacle. When it is 


placed on the zinc, it seems to feel a sensation of 
the same unpleasant nature, as soon as its head | 


is brought in contact with the silver, in its at- 
tempts to crawl, and to extricate itself from the 

pain it suffers. | | 
These facts seem to prove that the nals in 
question are provided with nerves; but do not 
demonstrate that the galvanic influence a&ts on 
o the 
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the muscles alone, without the mediation of the 
nerves. The latter, indeed, appear to be more 
immediately concerned in all the phenomena of 
galvanism. On this subject our author made 
a very curious and interesting inquiry, namely, 
whether the nerves in general are equally sub- 
jected to the influence of galvanism, or whether, 
on the other hand, those which are governed by 
the will feel it exclusively. Of all the muscles, 
the heart is the one which is at the same time 
the most powerful, and the most independent of 
the will. . This muscle, in a highly irritable state, 
was separated from the body of a cow which had 
been recently killed, and subjected, in its prepara- 
tion, to the processes employed in preparing frogs. 
The intercostal nerve having been coated, while 
the contractions of the auricles were still appa- 
rent, the metals which were brought in contact 
did not appear to have any influence on these 
contractions, neither did they renew them after 
they had ceased. The great influence of the 
passions of the mind,.as well as of particular in- 
juries of the brain, on similar contractions, having 
Jed the author to presume that he ought to have | 
found a result very different from the one which 
has just been peinted out, he determined to per- 
severe in his trials; and, after a variety of useless 
attempts on hot-blooded animals, succeeded in 
renewing, by the means of galvanism, the con- 

| ra ee tractile 
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tractile movements of the heart of a frog, an hout’ 
after they had ceased. He repeated this experi 
ment more than twenty times, and found it con- 
stantly to succeed. The most certain method of 
operating is to place the heart, in an insulated 


state, on a small plate of zine. ‘Phe experiment 


may be made, with a similar result, on the heart 


of a cat drowned in warm water; but when the 


7 


animal has been drowned by an immersion in 
cold water, it does not succeed. Dr. Fow Ler 


‘made several fruitless attempts to transmit the 


galvanic influence to kittens still remaining in 
the belly of the mother, after she had been 
killed. ‘The stomach and intestines did not ap- 


pear to him to be at all susceptible of this in- - 


fluence. 
Its effects on the organs of the senses had 
already been discovered by the celebrated Voxva ; 


and much has been said relative to the disagree- 
uble taste left on the tongue, when two different 


metals, one of them laid on the superior surface 
of that organ, and the other touching the inferior 
surface, are brought in contact. This taste is 
particularly striking when gold and zinc are em- 
ployed. In comparing it with the one which 
electricity produces on the same organ, Dr. 
Fow ter discovered that they do not bear any 
resemblance to each other. The successful result 
of the experiments is influenced by the tempe- 

| | rature, 
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rature, the most convenient one being that of the 
tongue itself. Within certain limits, however, 
the temperature appears to have no other influ- 
ence than that of diminishing the sensibility of 
the organ in question ; and in this respect either 
cold or heat, or, in other words, a temperature 
either too low or too high, is productive of the 
same effect, that of blunting, and even destroy- 
ing the sensation, but not the cause. Irritability, 
properly so called, is not destroyed by cold; 
since we are told by Dr. Fow er, that the thighs 
of frogs, after having been suffered to lie for 
some hours on a bit of glass, still displayed pow- 
erful contractions. On the other hand, the life 
and irritability of the most healthy frogs are — 
completely destroyed in a few minutes, when 
these animals are put into water heated to 106 
degrees of FAuRENHEIT. 

By introducing into each of his ears a diffe- 
rent metal, and by establishing a communication 
between the two metallic substances, our author 
felt a shock in the head at the instant of their 
contact. He could not, by the means of gal- 
vanism, affect either the ordinary sense of feeling, 
or that of the smell ; but the effet produced by 
it onthe sight was very singular. He placed a 
bit of tin-foil on the point of the tongue, and 
applied the rounded extremity of a silver pencil- 
¢ase to the internal angle of the eye. After 

L3 having 
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having waited until the above parts were suffi- 
ciently accustomed to the contac, to enable him 
to perceive a sensation of some kind, he brought 
the tin and silver in contaét, and instantly per- 
ceived a flash of pale light, at the same time that 
his tongue was affeAed by the sensation custo- 
marily produced by the contact of the two me- 
tals. Zine and gold render the flash still more 
intense. | 
The same effect may be produced by the in 
gertion of one of the two metals into the nose, 
the nasal branch of the fifth pair of nerves, which 
joins a branch of the third pair, occasioning 4 
sympathy between the two organs. In this ex- 
periment the piece of zinc ought to be laid on 


the tongue. When it is made with the neces= 


sary precautions, the iris is even seen to dilate, 
and the pupil to contract, as often as the metals 


are brought incontact. The sensation of a flash 


may also be produced by a still more simple pro- 
cess, namely, by placing one of the metals within 
the upper lip, between it and the gum, and the 
other on the tongue, or between the gums and 
the lower lip. The sensation, in this case, in- 
stead of being confined to the eye, extends to 
every part of the face. For this experiment we 
are indebted to Mr. Hunrer, of York. Dr. 
RurHerrorD has noticed that the sensation takes 
place immediately after the séparation , as well 

mie on" as 
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as at the time of the contact of the metals, A 
kind of heat is also felt on the tongue at the 
same moment. : 
There is likewise, in the human body, a sys- 
tem of organs analogous to that of the nerves, 
so far at least as they are possessed of an inde- 
finite ramification. These are the blood-vessels, 
as well those which are named arteries, and 
which carry the blood from the heart to the ex- 
iremities, as those which are denominated veins, 
and which bring back that fluid from the extre- 
mities to the heart. Dr. Fowxer was desirous 
to ascertain whether this system, called the vas- 
cular, would be influenced by g lvanism. He 
accordingly disposed the foot of a living frog in 
the same way as he would have done, had he 
wished to observe the circulation of the blood, 
that is, he placed the membrane which separates 
the phalanxes, in a state of extreme tension, on 
a microscope of strong powers. The different 
currents formed by the blood were to be seen 
very distinétly, and appeared to the author to be 
accelerated by each application of the galvanic 
fluid. The gentlemen who were present on the 
occasion were not, however, sensible of this ac- 
celeration. The experiment is so delicate and 
complicated, more particularly on account of the 
inflammation which the preparation invariably - 
_ gccasions in the parts which are subjected to it, 
L4 that 
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that the uncertainty of its result is by no means 
extraordinary. On this account Dr. FowLer 
had recourse to a different process. After hav- 
ing dissected the sciatic nerve of a frog down to 
the joint of the knee, he raised up and insulated, 
on a paper covered with wax, the crural artery, 
placing it in the circuit of silver and zinc, The 
contact of the metals was not productive of any 
contractions in the muscles; at the same time 
that a spark, or a simple current of eledtricity, 
applied to the vessels themselves, excited power- 
ful contractions. From the few facts he was 
enabled to collect, Dr. Fowxer did not come to 
any absolute conclusion, whether the blood-ves- 
sels are absolutely insensible to galvanism, or 

otherwise. | 
He afterwards endeavoured to ascertain the 
direction followed by the galvanic influence, when 
applied to the nervous system. He found it to 
act as evidently in the direction by which it pro- 
ceeds from the extremity of the nerves towards 
their origin, as in the opposite direction, namely, 
in the one by which the influence of the will is 
transmitted to the muscles that are obedient to it. 
In the fourth division of his Essay, Dr. Fow- 
LER employs the galvanic influence to determine 
a strongly contested point of physiology, namely, 
the source from whence the respective forces of 
the nerves and muscles emanate. While several 
physi- 
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physiologists place this source exclusively in the 
brain, others maintain that it resides in the arte- 
rial system, and in the fluid it contains, which, 
agreeably to the system of Dr. Monro, gives 
the tone to the nerves, and disposes them to 
transmit impressions. ‘To resolve this question, 
it became necessary to intercept the communica- 
tion of the muscles, as well with the brain as 
with the arteries, and to observe the effects 
which would result. It is to be observed, that 
this interruption was to be merely partial ; since, 
in rendering it complete, the organization would 
have been so much changed as to lead to an error 
in the result. The legs, after the sciatic nerve 
had been divided in each of them, became para- 
lytic; and, notwithstanding, immediately after 
the operation, became violeutly contracted by the 
application of the metals. “Lhe experiment hav- 
ing been repeated on four frogs, kiled- at diffe- 
rent epochs, namely, from two to nine days after 
the amputation of the nerve, it was not demon- 
strated that the contractile force was either more 
permanent, or more energetic, in the legs, the 
nerves of which had remained in their entire 
state, than in those, the nerves of which had 
been divided. 

These: experiments were repeated on frogs 
which had been suffered to live for a long time 
after the nerve had been divided, to the end that 

3 the 
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the wound might be well cicatrized. It appeared 
that there had been no true regeneration of the 
nerve, and that the gelatinous substance which 
had been formed between the divided extremities, 
and by which they appeared to have been re- 
joined, was not in reality a nervous substance. 
The leg, the nerve of which had been divided, 
continued to contra¢t longer than the other, al- 
though with less energy. 

Similar experiments were afterwards made, but: 
with a very different result. Notwithstanding 
the appearance of the muscles, in the limbs, the 
nerves of which had been divided upwards of six 
weeks before, was precisely the same with that 
of the muscles which had not been subjefed to 
any operation, still the former, brought into a 
paralysed state by the amputation of the nerve, 
were so little acted on, either by electricity or by 
galvanism, that the contractions were scarcely | 
perceptible. 

Experiments, similar to those made on the 
nerves, were tried by our author on the arteries, 
with this difference, that a simple ligature was 
substituted to the amputation. It appeared to 
him, that the interruption of the circulation of 
the blood had been more effectual in destroying 
the action of galvanism, than had been that of 


the communication with the brain, by the means 
of the amputation. of the nerve. As these two \ 
descrip- 
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descriptions of experiments had been made, how- 
ever, on distinct animals, doubts remained rela- 
tive to the consequences which might be drawn 
from a comparison between them. To remove 
these doubts, Doctor Fowner dissefed, in the ~ 
same frog, the sciatic nerve, on the one side, and 
on the other tied the crural artery. At the ex- 
piration of two days the animal was killed. 
Within the twenty-four hours which followed 
its death, the leg, the nerve of which had been 
divided, contracted more violently than the other. 
After this lapse of time there did not appear to 
be any difference in the intensity of the contrac- 
tions on either side; but at no one moment were 
they more violent in the leg, the artery of which 
had been tied, than in the one the nerve of which 
had been dissected. 

Another frog having been treated in the same 
way, and killed on the sixth day after the opera- 
tions had been performed, the contractions were 
very weak in the leg, the artery of which had 
been tied, and ceased entirely at the expiration 
of twenty-two hours after the death of the 
animal. In the leg, however, the nerve of which 
had been divided, they seemed as powerful as 
they usually are in a leg which has not been 
subjected to such a process; and the sensibility 
to the galvanic influence lasted upwards of two 
days beyond the epoch at which it ceased in the 

other 
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other leg. These experiments having been re- 
peated on three other frogs, were attended by 
the same result, and left no doubt but that the 
interruption of the circulation of the blood, 
brought about a proportionate diminution in the 
sensibility of the nerves and muscles to the gal- 
vanic influence. ? 

It was necessary to ascertain whether this pro- 
portion would hold good in all the gradations, 
that is, whether an increase in the arterial action 
would produce an augmentation in the galvanic 
sensibility. An inflammation of any part what- 
ever is constantly accompanied by an accelera- 
tion in the motion of the blood: our author ac- 
cordingly produced an artificial inflammation in 
one of the legs of a frog. By the application of 
the galvanic process contractions were produced 
in this leg, but not on the other, which was left 
in its entire state. ‘The same thing happened in 
the case of another frog, during two consecutive 
days after its death. Five other experiments 
were attended by a similar result. Dr. Fower 
explains the difference between these uniform 
consequences, and those of the two experiments 
in which the faculty of manifesting contractions 
appeared to have been destroyed by the amputa- 
tion of the nerve. He entertains a persuasion 
that, in the latter case, several of the arteries 
which proceed to the nerve, and accompany it in 

its 
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its ramifications, had been cut as well as the 
nerve itself, and had thus essentially changed its 
organization. 

Here Dr. Fowter combats the opinion of 
Fontana, that the nerves are never re-esta- 
blished, after having been divided, in such a way 
as that the intermediate part should become a 
truly nervous substance. In opposition to this 
opinion, he cites the experiment made by Dr. 
Mowro, in which the sciatic nerve of a frog 
was found to have been completely re-produced 
at the expiration of a year after it had been am- 
putated. The system of the re-production of the 
nerves is supported by the case of the captain 
of a ship, who, in consequence of a gun-shot 
wound, lost the use of his arm, the ball having 
_ divided a branch of the cervical nerves; but who 
recovered the use of the limb at the end of two 
years and a half*. From the above series of 
facts, Dr. Fowxer concludes, that the arterial 
system contributes more essentially than the brain 
itself, to stimulate and keep up the disposition of 
the muscles and nerves to the galvanic contrac- 
tions. 

By the conclusions and inferences he had 
drawn, Dr. Fow usr was led to a series of very 


* This question has been fully resolved by the experiments 
of Dr. Harcuron and Mr. CruicksHAnk, inserted in the 
Philosophical TransaGions for 1795. 

ingenious 
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ingenious experiments, intended to ascertain what 
reliance is to be placed on the opinion of Fone 
Tana, Joun Hunrer, and other physiologists, 
who ascribe to the blood a particular kind of 
vitality, on which the narcotic poisons, and opium 
more especially, have a very powerful effect; at 
the same time that they scarcely act on the mus- 
cles and nerves, properly so called, and considered. 
to be independent of the blood by which they are 
nourished. The experiments made by Fonrana 
in support of this opinion, are almost innume- 
rable. 

Our author made a very strong solution of 
opium in water, and after having made choice of 
two frogs possessing an equal energy, he deprived 
one of them of the whole of its blood, by opening 
the principal veins and arteries, and substituted 
to this fluid an injection of water, to which he 
added forty drops of the above-mentioned solu- 
tion of opium. In treating the other frog, he 
injected into its blood, by the means of an inci- 
sion made in the heart, the same quantity of 
opium. The former of these animals was de- 
prived of its irritability an hour sooner than the 
latter, more than a day before which it ceased to 
be sensible to the galvanic influence. The ex- 
periment was afterwards diversified in the follow- 
ing manner. ‘Two frogs having been previously 
killed, thirteen drops only of the solution of 

opium 
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opium were substituted to the blood, in the case 
of one of them, and in that of the other, an equal 
quantity was mixed with the blood itself. The 
instant the injection was made, the heart of each 
of the frogs became white, and lost its irritability. 
At the expiration of forty-eight hours the former 
of these animals, became nearly insensible to the 
galvanic influence, while the latter still manifested 
powerful contractions on the plate of zinc. After 
seventy-two hours the galvanic contractions ceased 
in the instance of the former, but were still pow- 
erful in the case’ of the latter. Finally, at the 
expiration of ninety-six hours the former was in 
a state of putridity, at the same time that the 
legs of the latter were still sensible to the gal- 
vanic influence. | 
After having multiplied these experiments, and 
given them every variety of which they were sus- 
ceptible, Dr. Fowxer proceeds to observe, that 
the conclusion drawn by Fontana, from his 
numerous experiments made with opium, that 
the circulation of the blood and humours, in the 
animal system, is the vehicle of opium, and that, 
unless for this circulation, it would not have any 
attion on living bodies, is diametrically opposite — 
to the one he thinks himself warranted to draw 
from the experiments above cited. His opinion - 
is founded on the following reasons : 
ist, ‘That the parts which had been the most 
| powerfully 
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powerfully acted on by the solution of opium, 
were not those in which the circulation was the 
least disturbed, but those in which it had been 
almost entirely intercepted. 

adiy, On two limbs in which the circulation 
remained equal and entire, the adction of the 
opium was rendered unequal by the interruption 
of the communication of the nerves of one of 
them with the brain, at the part where the opium 
had been applied. 

Dr. Fowxer brings forward, in his appendix, 
several insulated facts which presented themselves 
to him in the course of his, experiments, and 
which are not devoid of interest. He remarks: 

ist, ‘That the presence of the skin preserves 
for a long time the galvanic sensibility of the 
muscles, when plunged in water; and concludes 
from hence, that this fluid does not transude 
through the pores. 

adly, That the effect of galvanism is very dif- 
ferent, when it is applied tq a particular nerve, 
or, on the other hand, to the brain, or spinal 
marrow. In the first instance, all the muscles to 
which the nerve is distributed feel the contrac- 
tions. In the latter, none of the muscles are 
brought to- act, except those which derive their 
nerves from the part touched in an immediate 
way by the metals. 

3dly, He considered himself authorized to con- 

clude, 
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clude, from several experiments he made with the 
electrophorus; that the galvanic influence has no 
connexion whatever with electricity: 

At the close of Dr. Fowxer’s work a letter is 
inserted, from Professor Rogison, of the Univer... 
sity of Edinburgh; which contains several curious 
experiments on the galvanic influence, nearly the 
whole of them made on himself. For instance, 
by applying one of the two metallic substances to 
a wound which he had accidentally received, and 
Jikewise to the nerve of a carious tooth, he felt 
this influence in a vety sensible manner. He 
formed a kind of galvanic battery with pieces of | 
silver and. zinc, disposed alternately over each 
other; and having applied the side of this aggre- 
gation of metals to the tongue, experienced a very 
disagreeable sensation: He discovered, by their 
taste, the solders in gold and silver trinkets, He 
proved, by a very curious experiment, that the 
galvanic sensation may be felt. when the metallic 
substances are’placed at a certain distance from 
each other. To effect this, he put a piece of 
zinc between one of the cheeks and the gums, 
and a piece of silver on the opposite side within 
the other cheek. Having introduced a rod of 
zinc between the piece of zinc and the cheek on 
the one side, anda rodof silver between the silver 
and the cheek on the other, he afterwards care- 
fally brought into contact the extremities of the 
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two rods withoutside the mouth, and felt 4 pow- 
erful serisation inthe gums. The moment before 
the contact he perceived a flash, and felt the same 
sensation when he again separated the extremi- 
ties of the rods, as soon as they were brought to 
‘a small distance from each other. When he sta- 
tioned the rods, or wires, in such @ way as that 
the silver should touch the zine, and viee versd, 
he could not perceive asy galvanic effect. He 
was enabled to produce the sensations noticed 
above, by sithply bringing together the metals 
placed to the right and left on the gums, which 
he was cautious, however,@not to press too 
much. 

M. Humsotpt, whose galvanic inquiries we 
‘shall have occasion to notice more particularly 
hereafter, having found, that when the galvanic 
circle was disposed in the following manner, 
namely, the nerve, zine, gold, zine, and the - 
muscle, no signs of movement were manifested ; 
but that the movements were produced the instant 
the zinc was moistened by the breath :—and 
having also observed, that the influence m ques- 
tion furnished a mode of ascertaining, in any 
given substance, the presence of the minutest — 
‘quantity of charcoal, Dr. Wexts, in his paper 
on galvanism, contained in the Philosophical 
Transactions for 1795, riotices, that he had ob- 

: tamed 
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tained the same results. The latter, however, 
in the experiments he made, was induced to limit 
to charcoal newly made, the faculty of conduct- 
ing the galvanic influence. He found that a 
single metal, when perfectly pure and free from 
alloy, was incapable of producing contractions 3. 
but that by gently rubbing one of its sides on 
tin, silk, wool, fish-skin, the palm of the hand, 
sealing-wax, wood, marble, &c. the contractions 
might be produced. It should be noticed here, 
that it is not to common electricity that these 
phenomena are to be ascribed; seeing that the 
rubbed metal doesnot give out any sign of such 
electricity when the most delicate electrometers 
are employed. ‘The effect is augmented by hu- 
midity ; but this is not the case when the metal 
is msulated. The contractions are not to be 
produced by touching the nerve alone; but, on 
_ the other hand, it is necessary that the nerve and 
muscle should be touched at the same time. 
The rubbed metal retains the power for a whole 
day, even after having excited nearly two hun- 
dred contractions. 

In announcing his opinion that the galvanic 
effects are not owing to the ordinary and known 
modifications of elericity, Dr. Wiis appears 
to be, notwithstanding, of opinion, that the active 
principle is the electric fluid. He presumes that, 
: M 2 by 
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by fridion, the nature of a metallic substance, 
relatively to electricity, is changed, and the equi- 
librium of the‘ electric fluid disturbed, insomuch 
that the metal, rubbed at one of its sides, per- 
forms the function of two different metals. He 
grounds this supposition on two facts, one of 
which is, that if the two sides, or extremities, of 
the metal, are rubbed, the effect is considerably 
diminished, insomuch that, in such a case, it 
often happens that the contractions do not ensue. 
The other fact which he adduces 1s, that if the 
nerve and muscle are coated with a metal differ- 
ing from the one which has been rubbed, when- - 
ever the latter is applied to the coatings, the con- 
tractions cannot be produced, either by touching 
the metals, or by separating them. 

The hypothesis adopted by Votra and several 
other physiologists, that the metallic contact pro- 
duces a change in the disposition of the electric 
fluid, is combated successfully by Dr. Watts, 
who very shrewdly asks why the natural moisture 
of the animal does not admit a communication 
between the two metals, previously to their being 
connected by any other conductor ? In the cases — 
of the effects produced by charcoal, he proves, by 
several experiments, that the electricity is not 
communicated to that substance by friction, any 
more than itis to metals. He therefore conjec- 

tures 


WELLS ON ANIMAL ELECTRICITY. 165 


tures that an incipient oxydation, or some other 
chemical change, must be induced on the surface 
of the above substances. He is decidedly of opi- 
nion that the galvanic phenomena are electrical, 
the influence being conducted by all the conduc- 
tors of electricity, and by no others, 
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CHAP. VII. 
« | 
Frritability of ‘the vegetable filre—On animal 
heat and vitality—Distindion between irritalbi- 
lity and sensibility. 
¥ . 


BEFORE the reader enters further into the 
history of galvanism, it appears necessary, to give 


him a more correct and clear idea of its nature, . 


to devote a particular chapter to the subjects an- 
nounged above, As a proof that they contri- 
bute essentially to the right comprehension of 
the galvanic phenomena, it is certain that almost 
all the writers who have treated this subje@, 
have dwelt on them with more or less earnest- 
ness. 

In the course of his experiments made in the 
winter of the, year 1793, M.Humepo.prt fell on 
a discovery relative to the irritability of the vege- 
table fibre. ‘This discovery he followed up so 
successfully, as to be enabled, on his return from 
Geneva to Germany, to apply it to the animal 


organization, and to illustrate it by several inte- | 


resting details, The surprizing effects of the 
metallic oxydes, of the vital gas, and of water 
even, on animated matter, together with the 


great phenomenon of respiration, and, more par- 


ticularly 
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ticularly the very ingenious ideas developed by 
M. Girranner on the subject of oxygen, consi- 
dered as the principle of the irritability of all or- 
ganized matter: these different considerations 
induced M. Humsoupr to make inquiries after a 
substance with which the oxygen would be so 
feebly united, as to be disengaged from it with 
facility. He was persuaded that a substance of 
this nature would lead him to experiments of in- 
finite utility, and would enable him to augment, 
in a perceptible way, the irritability of the ani- 
mated fibre. His earliest choice fell on the 
oxygenated muriatic acid gas, mixed with water. 
The bases of the above fluid display so feeble a 
reciprocal action to each other, that the oxygen 
is disengaged by the mere stimulus of light. 

The attention of M. Humsonpr was, in the 
first instance, directed to the vegetable fibre ; but 
the striking analogy which subsists between the 
two kingdoms of organized nature, and. the 
opinion he entertained that the muscular fibre is 
the same both in animal and vegetable substances, 
stimulated him to direct his experiments to the 
former. Having been for a long time engaged 
in noticing the phenomena of galvanism, he per- 
ceived in them an excellent mode of ascertaining 
the degree of irritability inherent in an animal. 
He took the thigh of a frog (rana esculenta L.) _ 
the crural nerve of which had been armed with: | 

Ma - Zinc, 
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zinc, and irritated by a condudtor of silver. The 
limbs had been so much fatigued for the space of 
_ three hours, that the slightest movements only 
were perceptible, It was altogether free from 
contractions ; insomuch that gold and zinc, which 
are considered as the most active metals, merely 
- produced a feeble movement in the gemellus 
muscle. This animal’s leg therefore appeared to 
M. Humpotpt to be extremely well calculated 
for decisive experiments. 

He accordingly moistened the crural nerve with 
water strongly impregnated with the oxygenated 
muriatic acid, and, having laid the limb on zinc, 
touched the above nerve, and the muscles, with a 
conductor of silver. He was, as must necessarily 
be supposed, not a little surprized when he per- 
ceived that the leg of the frog, exhausted as it 
had been by the preceding operations, displayed 
spasmodic contracuions from one extremity to 
the other, and became so violently convulsed as 
to throw itself from off the zinc. He instantly 
had recourse to comparative experiments, which 
the properly considers as the only bulwark which 
can guard the naturalist from falling into error. 
He took three thighs of frogs (rana temporaria L.) 
which had been galvanised for the space of four 
hours, and the irritability of which was extremely 
weak. He placed the crural nerves of these ani- 
mals in three vessels filled, two of them with pure 

water, 
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water, and the third with the oxygenated muri- 
atic acid. The results of these experiments, 
which were frequently repeated, were as follows : 
In the former of the nerves, movements were 
excited somewhat more powerfully than before, 
The second became almost insensible to gal. 
vanism. But the faculty of production was sur- 
prizingly augmented in the third, which: dis- 
played such violent muscular contractions, that 
the spectators might have supposed the animal to 
have been recently killed, and in the suRyIBEDt 
of all its natural vigour. | 
This experiment proves, that the oxygenated 
sauriatic acid acts on the nervous fibre merely by 
the means of the oxygen it disengages. The in-: 
crease of irritability induced by this acid, does not 
jast for more than from five to eight minutes, at 
the end of which lapse of time the muscular force 
becomes less than before the humectation. The 
oxygenated muriatic acid appears at length to 
have been converted into the common muriatic 
acid, which is highly destructive of irritability. 
The observer might, at a first view, be led to’ 
think that the debility which follows is the effect 
of excessive irritation, or, in other words, that it 
is what is called by Dr. Brown, indirect debility. 
This ts not, however, the case, since, as soon as 
the nerve in question is again moistened with | 
the oxy genated . muriatic acid, it will excite pow- 
erful 
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erful muscular contractions *the instant it is 
coated with heterogeneous metals. Now, it 
would be impossible to remove an indirect debi-~ 
lity by sthenic remedies. It would appear, on 
the other hand, that this fresh humeétation aug- 
ments the irritability m no other way than by 
restoring to the organ a new portion of oxygen. » 

According to Humgozpr, the effeG& of the 
oxygenated muriatic acid on the heart, produces 
a very singular phenomenon. He made an ex- 
periment on the heart of a frog which had ceased 
to palpitate. The irritability of this viscus was 
annihilated to such a degree, that mechanical 
stimuli no longer produced in it any movement. 
He took it between his forceps, and threw it into 
a glass filled with the common muriatic acid ; 
but in this state it did not manifest any sign of 
irritation. Scarcely, however, had he thrown it 
into the oxygenated muriatic acid, when it began 
to palpitate, until at length the palpitations were 
augmented in a very powerful degree. Having 
laid it on a board, the movements, which conti- 
nued for the space of five or six minutes, gradu- 
ally ceased; but were again re-produced by a 
fresh humedtation with the oxygenated muriatic © 
acid. | 

The following is another experiment which 
M. Humsonpr never found to fail. Having 
kept the leg of a frog in a solution of opium for — 
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the space of twelve minutes, at the end of which 
time its irritability was so completely destroyed, 
that galvanism was incapable of producing in it 
any movement, he had recourse to very strong 
muriatic acid, and havi ing washed the limb with 
it, in two minutes the irritability of the fibre was 
restored, and very powerful contractions pro- 
duced im the muscles. This experiment, when 
repeated on mice, was attended by a similar res 
sult. Animals with hot blood are not less sen- 
sible to the effects of oxygen than cold-blooded 
animals. 

The phenomenon of the conversion of oxygen- 
ated muriatic acid into simple muriatic acid, as 
well by the vegetable as by the animal fibre, 
evinces, more strongly than any other phenome-— 
non, the following facts. 

ist, That the augmentation of irritability is the 
result of a nice combination of the oxygen with 
the animal organs. 

odly, That, however different the elements of 
the animal fibre, and those of the vegetable fibre, 
may appear to be, both of them follow, notwith- 
standing, the same affinities, and are excited by 
the same stimulus of the oxygen. 

3dly, That the chemical process of vitality is a 
process of slight combustion ; and that, as was 
very justly observed by M. Rei, a learned 
physiologist of Halle, ina letter addressed to 

M. Hum- 
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M. Humeoxipr, the combustibility of a dead 
substance resembles the irritability of organized 
matter, each of them depending on their affinity 
with oxygen, and both of them producing a dis- 
engagement of caloric. In expatiating on this 
subjet, M. Humpoxpr gives it as his opinion, 
that the oxygenated muriatic acid, neutralized by 
soda.or potash, would furnish a very interesting 
object to pharmacy. 

An inquiry into animal heat, and its different 
relations, followed by a new explanation of the 
~ ealorific phenomena, and an investigation of the 
opinions of different modern authors on that 
subject, has been lately published. The follow- 
ing is a concise analysis of this work, the pro- 
duction of M. Jossz, of Rennes*. . 

This author, after having examined what ought 
to be understood by light and caloric, lays down 
the principles of the new system he has adopted 
relative to the latter, and its different modes of 
action. According to this system, he considers 
caloric to exist in all bodies, and to be constantly 
in the states of combination and non-combina- 


* For a more perfect understanding of this and the other 
subjects treated in the present chapter, reference may be had 
by the reader to the authors who will be occasionally cited, and 
the analyses of whose works would carry us beyond our neces- 
sary and prescribed limits. 
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‘tion. In the former of these states it is /atent 
and insensible, without any influence on the tem- 
perature of bodies, but governing entirely their 
more or less solid fluid, or gaseous state. In 
the latter state it is found between the particles 
_ of matter, and is consequently free in their inter- 
stices, as well as sensible and thermometrical, 
contributing nothing to the solidity, fluidity, or 
gaseity, of bodies, but having an entire influence 
on their temperature. The conclusion he draws 
from hence is, that: solids do not become liquids 
or gaseous fluids, unless by the quantity of-calorie 
combined in them; and _that, consequently, a 
sensation of cold is occasioned by the passage of 
free caloric, in the combination in which it re- 
mains latent; at the same time that, by an in- 
verted mode of reasoning, the passage from a 
fluid to a solid state is merely due to the succes- 
sive loss of caloric, which, in quitting the mixed 
state, and entering into that of combination, be- 
comes latent. “A loss of such a nature must ne- 
cessarily produce heat, by the liberation of the 
combined caloric. 

In applying these general principles to anima- 
lity, our author demonstrates, with considerable 
ingenuity, the mode in which heat ought neces- 
sarily to be produced in animals, He examines 
its relations with the digestion, as well as with 
gutrition; and, in a physiological discussion on 

the 
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the blood and respiration, endeavours to refute 
_ the generally received opinion relative to the dis- 
hydrogenation and decarbonation of the blood in 
the lungs. His aim is to prove that the water 
and carbonie acid, the existence of which has 
been ascertained in expiration, do not arise from 
the above changes and modifications of the blood 
in thé lungs, but, on the other hand, from the 
pulmonary transpiration resulting from the com- 
pletion of the functions of those organs. 

After having specified what these functions 
teally are, our author considers the influence of 
the different temperatures on animated beings, 
dnd the effects which result from them by the 
aGion of caloric on the substance of fat, rela- 
tively to nutrition and transpiration. In the lat- 
ter part of his work he gives new demonstrations 
of his theory, discussing, at thé same time, the 
opinions of BiumMensacu, Brrsson, and Four- 
croy. The consequences he draws from the 
‘principles he lays down, are extremely useful to 
him im thé-explanation of several of the pheno- 
mena which have occupied the researches of so 
many physiologists. 

Tt will here be proper to tabrodson a few re- 
fiections on muscular contraction, and on the 
‘distinction between irritability and sensibility. 

It is certain that the contraction of the muscles 
does not arise from a mechanical cause. The 

augmen- 
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augmentation of the cohesive force, and the 
greater durity of the muscles, when contracted, 
appear to leave no doubt on that head. The 
causes of the contraction may be divided ito 
external and internal; and may be denominated 
elective or habitual st?muli, which the nerves dis- 
tributed in the muscles obey, without being on 
that account the sole principles of vitality. This 
is evidenced by the monsters which have a living 
existence, although born without a brain, and 
without nerves*. Now, does not the existence 
of animals without these parts, evidently prove 
that there is a principle of life distin from the 
nervous principle, and totally independent of the 
sensation, and of the perception of sentiment ? 
Hater was the first physiologist by whom ani- 
mals of this description were noticed ; and their 
very peculiar organization has been since ex~ 
plained by Jonn Hunrer. The latter has, in- 
deed, manifested an opinion, that the stomach is 
acentre, or seat of life, more essential than the 
. brain. 


* See a Latin dissertation by Dr. Lup. Rocer, published 
$n 1760, entitled, Specimen physiologicum, de perpetud fibra- 
ram muscularium palpitatione, novum phenomenum, in cor- 
‘pore humano, experientiis dete¢ctum et demonstratum,—Got- 
tings. | 


What 
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What is, at the least, certain on this head, is, 
that life may be extinguished in an immediate 
way, and more completely, by a powerful percus- 
sion on the stomach, than by a similar one on 
any other part of the body*. It is besides well 
known, that the muscular fibres of animals en- 
dowed with a nervous system, preserve their irri- 
tability for a considerable time after they have 
been separated from the brain and nerves. The 
phenomena of vegation have made it equally evi- 
dent, that irritability may exist in nature without 
sensation, without perception, and without any 
suspicion of the existence of a nervous system, 


* When the percussion is followed by such an effect, ought 
it to be entirely ascribed to the percussed stomach, when it is 
considered that this viscus is susceptible of a displacement in 
the abdomen, and that, before it can be reached by the percus- 
sion, the latter must have operated powerfully, both on the ins 
teguments, and on the muscles by which the stomach is cos 
vered ? When, in this region, the percussion goes so far as to 
extinguish life, is it not rather because its action is dire&ted te 
the nervous centre of the diaphragm, the sensibility of which 
is so great, that the smallest excitement, from whatever cause 
it may arise, agitates and deranges it, producing a difficulty of 
respiration ? It is true that, under these circumstances, the dis¢ 
~ turbed state of the respiration is momentaneous; were it, hows — 
ever, to be continued for a sufficient length of time, it would be 
capable of extinguishing life. This is unquestionably the reason 
why several philosophers have assigned to the nervous centre 
ef the diaphragm the seat of the soul. 

The 
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The perceptible movements of the sensitive plant 
are a proof of this, as are also, more particularly, 
the movements which must necessarily take place 
in plants of every description, in the progress of 
_ their developement. Seeing that the growth of 
the solids cannot be accounted for by the circu- 
lation of the sap which distributes the nourish- 
ment, it is necessary to have recourse to some 
other power, which may act by laws different 
from those of dead matter. In favour of this 
opinion it ought, moreover, to be observed, that 
the animals deprived of the brain and nerves, are 
of the class of vermes, the most simple in nature; 
and that they have but one sole function, that of 
assimilation :—a function which does not require 
the variety of action, and peculiar perceptions, 
necessary to animals of a more complicated orga- 
nization. | 

The state of the egg, before incubation, and 
the condition of the animals, which, having been 
thrown into a torpid state by the cold, afterwards 
recover their vitality, present us with facts fayour- 
able to this opinion, insomuch as they prove, that 
there is a certain innate vital principle of conser- 
vation, independent, not only of the operation of 
the nervous system, but even of the circulation. ° 
it should be observed that, in this state of repose, 
the above portions of animal matter are preserved 
much longer from corruption, than they would 
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be without this conservatory principle; and that 
their fluids are secured from congelation, under 
the circumstances of a degree of cold which would 
have converted them into ice, had they been de- 
prived of every principle of life. Let it be noticed 
here, that, in addition to muscular irritability, 
the principal powers of simple life, if not the 
only ones, consist of the assimilation of the ali- 
ments, and of the faculty which, in living bodies, 
preserves them from putrefaction. 


After reasoning has been employed, experience © 


presents itself, to prove clearly that vitality is in- 
dependent of the nervous power. - When the 
trunk of a nerve has been divided, the mb of 
which it constituted a. part, although deprived of 


every sensation, and of every voluntary motion, 
continues, notwithstanding, to be exempt from 


spontaneous putrefaétion, and still preserve its 


heat for a long time. The only apparent and > 


visible change it undergoes from the separation, 
is the atrophy into which it falls some time after. 

To go still further, and demonstrate that there 
are circumstances which seem to prove, not only 
that the nervous system is merely appendant te 


life, but also that it tends to prevent the opera- — 


tions resulting from it, and to abridge its exist- 
ence. It is, in the first place, a certain and ac- 
knowledged fact, that simple life survives sensa- 
tion much longer, if the death of an animal is 

brought 
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brought about by the destruction of the nervous 
system, than if it sks under hemorrhegy, suf- 
focation, or any other violence. Another curious 
and well-established fact is, that when a fish, in- 
stantly after being taken out of the water, is 
killed by a violent blow on the head, by which 
the skull is fractured, the irritability and ‘flexibi- 
lity of the muscles are preserved much longer 
than they would have been, if it had been allowed 
to die with the organs of sensation in an entire 
state. So very sensible are the fishermen of this, 
that they have recourse to the above practice, 
with a view to render the fishes they catch, sus- 
ceptible for a longer time to the operation called 
crimping. Salmon is one of the fishes the least 
tenacious of life, insomuch that, after having 
been taken out of the water, it will cease, in less 
than half an hour, to manifest any-sign of vita- 
lity, provided it be not exposed to. any violence. 
But if, on the other hand, it receives, as soon as 
it is caught, a violent blow on the head, the 
muscles will continue, for the space of more than 
twelve hours, to exhibit visible signs of irrita- 

bility. | 
In the majority of animals with hot blood, a 
phenomenon has been remarked which seems to 
depend on the same principle. It has been proved 
that a violent exertion of the voluntary move- 
ments, immediately before death, prevents the 
N 2 muscles, 
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muscles, a8 soon as they are cold, from becoming 


stiff, and augments their tendency to putrefac- 


tion. ‘Thus, in the case of an ox being slaugh- 
tered after having been exhausted by fatigue, 
the limbs, in proportion as they become cold, 
will not be stiffened, and the flesh of an animal, 
under these circumstances, cannot be preserved 
by the means of salt. The facts which have been 
thus stated, are, however, liable to contain modi- 
fications. 

In confirmation of the principle which has been 
established, it ought to be observed that, in cer- 
tain diseases which afflict humanity, there is a 
symptom which proves that the digestion, one 
of the principal functions of simple life, or ani- 
mality, is sometimes better performed than here- 
tofore, after the brain has received particular in- 
juries. It has also been remarked, that in cer- 
tain diseases, such as the hydrocephalus, and 
the apoplectic paralysis, in which the exercise of 
the senses is in a great measure suspended or 
destroyed, it frequently happens that the appetite 
and digestion are better than in health. 

From these fa¢ts, we may conclude with Mr. 
 Joun Hunter, that the exercise of the sensa- 
~ “tions is, in general, injurious to life, seeing that 
it is accompanied by a kind of fatigue; and that 
this is also the case with voluntary motion :—in- 
somuch, that the whole of the correspondence 
| which 
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which is kept up by the medium of the nerves, 
whether the communication be made to the 
brain, as in the case of the sensations, or ema- 
nates from the brain, as in the case of the yo- 
luntary acts, contributes to exhaust the animal 
forces. As an internal and long-continued re- 
flection, although it may not be followed by any 
external act, tends to produce an inaptitude for 
any other exercise, it would appear that the 
brain, or sensorium commune, as it has been 
called, is the organ more especially subject to 
the kind of suffermg denominated fatigue. One | 
of the inferences which may be drawn from these 
facts, is the necessity of sleep, which consists in 
a momentaneous suspension of the sensations, 
volition, and thought. It is a resource resorted 
to by Nature, to enable the powers of life to re- 
establish themselves, after the. vital energies have 
been exhausted by fatigue. 

At a time when so successful a progress has 
been made, in the discovery of the real principle. 
of irritability, it is of some importance to explain 
the properties of this faculty of living bodies, and 
to distinguish it from sensibility. Irritability is 
the property by which a muscular part contra¢ts, . 
when irritated. Sensibility is the quality by which 
a body receives sensations. ‘The nerve does not 
contract when it feels, and a muscle does not 
always feel when it contracts. Spasm is an ex- 

N 2 CeSs 
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cess of sensibility, and atony its defective state. 
Eretism, or the violent tension of the fibres, is 
the excess of irritability, and relaxation its ex- 
hausted state. Far from irritability and sensi- 
bility being one and the same faculty, it has been 
demonstrated that, in living bodies, the increase 
of the one is almost invariably attended by the 
destruction of the other. It has been presumed 
that irritability exists in several living fluids; and 
to this cause has been ascribed the congelation of 
the blood, of the white of an egg, and ef lymph. 
- To the destruction of irritability, in living fluids, 
_by a powerful excitation, the putrefaction which 
is manifested, on the introduction of a very, acrid 
substance, has been ascribed. 

The following researches on vitality, accom- 
panied by several galvanic experiments by M. 
Suz, of. the Faculty of Medicine of Paris, are 
illustrative of the subjeéts already treated in the 
present chapter, , 

In speaking of the discoveries relative to the 
nerves, this author observes, that the efforts 
hitherto made have afforded but little informa- 
tion respecting the nature of the nervous fluid ; 
insomuch, that it has not been ascertainedwhether | 
this substance, by which the nerves appear to be 
filled, possesses a circulatory movement. He 
brings forward several observations, to prove that 
the braifi is not invariably the seat of sensation, 

which 
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which must consequently exist elsewhere in ani- 
mals born without that viscus, as well as in those 
in which an ossification has taken place, From 
the numberless experiments of Fonrana it would 
appear that, under these circumstances, the sen- 
sation must be seated in the spinal marrow; since, 
without this supposition, it would be impossible 
to explain the phenomena of yitality and sensi- 
bility, noticed in animals born without the brain. 
It has been proved by several experiments made 
by M. Suz, with a view to ascertain what hap- 
pens to certain particular animals after the head 
has been cut off, that the nerves are endued with 
a kind of action, which continues for a long time 
after the parts to which they belong haye been 
separated from the body; and that, after this 
separation, the movements of the parts in ques- 
tion may be animated in the most sensible way, 
This property renders organized bodies very dif- 
ferent from machines, to which they haye been 
so often compared. Our author demonstrates 
that the structure of the organs essential to life, 
or constituting vitality in certam animals, have 
been very improperly considered as belonging to 
all; seeing that the polypi, and several other ani- 
mals, do not perish, notwithstanding they have 
been subjected to certain operations and divi- 
sions, which, in other animals, are attended by 
the destruction of life. The simple mode of the 
N 4 re-pro- 
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re-production of the polypus, he observes, throws 
a greater light on the variety of means employed 
by Nature, and on her resources in the organiza- 
tion of living matter, than a multitude of iso- 
lated reasonings, which are not founded on ob- 
servation. 

The picpdiitalenets of M. Sve were made on 
different animals, with a view to ascertain the 
duration of the vital power in the nerves and 
muscular fibres, whether it results from sponta- 
neous effects, or from excitements produced by 
the contac of metallic substances. ‘These expe- 
riments were made on various animals of diffe- 
rent sizes, by the separation of the head from 
the body. In all of them vitality was prolonged, 
for a longer or shorter duration of time, after the 


separation had taken place. The head and the | 
different parts of the body, more particularly the | 


heart, still preserved their movements; and the 


irritated muscles manifested contractions in a 


greater or less degree, and convulsive motions 
proportionally violent. The decollation of two 
calves was attended by very singular phenomena. 
Several of the experiments had for their ob- 
ject, the demonstration of the effects of galva- 
‘nism. A small frog having been immersed in 
the muriatic acid gas, appeared to be dead at the 
expiration of a second of time; but on being 
taken out of the gas, and thrown into water, in- 
stantly 


¥ 
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stantly began to move. ‘This demonstrates the 
influence of the muriatic acid on the respiration 
of the animal. The same frog, after its move- 
ments had ceased, having been thrown into 
oxygen gas, and kept in it for the space of two 
minutes, did not manifest any faculty of motion. 
An excitement having been produced on the’ 
crural nerve of the right extremity, by the means 
of a silver thread passed under the nerve, and 
brought in contact with zinc, movements were 
eradually perceptible, in the first instance through- 
out the length of the extremity, and afterwards 
“in every part of the frog on that side. These 
movements, which were invariably on the same 
side, were augmented in the upper extremity, by 
changing the disposition of the coating, and 
placing it towards the middle and anterior — 
of the spinal marrow, &c. &c. 

This experiment having been repeated on se- 
veral animals, sometimes towards the middle re- 
gion of the nerves, and at others towards their 
extremities, the movements were invariably more 
violent when the points of the coating were placed 
at the extremities. This fact is in favour of the 
opinion of VaLui1, who presumes, that the sensi- 
bility is augmented in proportion as the excite- 
ments are brought towards the extremities of the 
nerves; and diminished when a contrary direc- 
tion is given to them. 

The crural nerve of a frog haying been bound, 

e as 
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as well at its origin as at its extremity, by a very 
fme waxed thread, and an excitement established 
between the two ligatures, by the means of silver 
and zinc, powerful movements were excited in 
all the parts of the extremity. A proof was thus 
obtained, that the ligatures do not prevent the 
action of the metallic current. 

Several phenomena, equally singular in their 
nature, were noticed in a frog divided trans- 
versely in three parts; and in another frog, di- 
vided in the same direction, between the lower 
part of the lumbar region, and the upper part of 
the sacral. In two of ‘the experiments, a carp 
and an eel were divided vertically ; and, as soon 
as each of the divisions had been excited by coat- 
ings similar to those which had been employed 
in the transverse section of the frog, the move- 
ments became very violent, and were of a consi- 
derable duration. After a transverse section, in the 
first instance of two portions, and afterwards of 
three, of two fishes of the above descriptions, the 
trunk of the head of the carp continued to moveand 
contraét for the space of an hour and a half, without 
any excitement ; and the head of the eel, during 
three quarters of an hour. ‘The slices of the 
body of each of them preserved their movements 
during twenty minutes ; and those of the tail, 
more than half an hour. ‘These different move- 
ments were excited at intervals ; and the vital 
powers were constantly renewed by the processes 


of 
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of galvanism. ‘Three hours after the excitement, 
its-effects were still visible. 

Our author regrets that he had not time to 
make a particular experiment, namely, to esta- 
bdlish a battery of the nerves of living animals, of 
the same species, pretty nearly of the same size, 
and having the parts in question as much as pos- 
sible of the same volume. Beneath these nerves 
it was his intention to have placed a coating of 
lead or tin, to be brought in contact with zinc, 
so as to ascertain whether a coating of this na- 
ture, thus communicated, and the assemblage of 
nerves, would augment the effects produced by 
the galvanic current. ‘The same experiment, he 
observes, may be tried with the nerves of living 
animals of different kinds. | 
_In the above cited experiments the metallic 
media were constantly varied, and the following 
metals employed :—iron, lead, arsenic, plumbago, 
antimony, platina, zinc, and gold. or this pur- 
pose exciting afcs had been made, of different 
forms, of all the above cited metallic substances, 
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CHAP. VIII. 


Review of the different theories and opinions rela- 
tive to galvanism, up to the commencement 


of 1798. 


AT the above period two Latin Dissertations 
on the subject of galvanism, were published by 
M. Rernuotp, of Magdebourg. Notwithstand- 
ing they are posterior to the researches of VoLTa 
and other naturalists, an extract of them is given 
in this place, because the author enters into a 
detail of all the publications which had then ap- 
peared, followed up by remarks and criticisms on 
each. ‘The reader will thus be enabled to form 
a judgment of the merit of the different writers 
who had treated this very interesting subject up 
to the period in question. 

The author sets out by remarking, that the 


sciences of chemistry and physiology had begun - | 
to make avery considerable progress, and were | 


already brought to a high degree of perfection, 


when the celebrated Gatvanr flattered himself . 


he had made the discovery, that the cause of 
irritability and sensibility exists in an electricity 
inherent in animals. ‘This had been no sooner 
announced to the public, than several naturalists 

and 


ee 
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and physiologists, led away rather bythe no- 
velty of the subject, than persuaded of the truth 
of the dodtrine laid down, entered into a strenuous 
support of the experiments of Gatvani, and of 
the theory he had founded on them. Other 
naturalists, after having repeated these experi- 
ments carefully, and added others of their own, 


corrected the former, but at the same time re- 


jected and endeavoured to overthrow the theory 
on which they were founded. 

Tn Eingland, Italy, and Germany, the new 
doctrine of galvanism had, more particularly, its 
partizans and opponents. Both the parties seemed 


to be agreed in the support of the discovery of | 


~Garvant, but differed altogether in the expla- 
nation of the cause of the phenomena it presents. 
While, by some, this cause was referred to arti- 
ficial electricity, that is, to an extraneous elec- 
tricity transmitted to the parts of the animal ; 


others ascribed it to an innate electricity in the | 


parts themselves; others, again, to the escape 
and decomposition of the elements supplied by 
the antiphlogistic theory of chemistry; and 
others, lastly, to a certain fluid hitherto un- 
known. ‘The latter of these physiologists were 
not agreed among themselves, some of them 
contending that the newly discovered fluid was 
a kind of eleétricity ; while the others asserted 
that it was of a nature altogether different. 

This 
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This diversity of opinions principally arose, 
-according to Rernuoxip, from the followmg 
causes: In the first place, several of the natu- 
ralists referred to, without waiting for the infor- 
mation which would have been derived from a 
sufficient number of experiments, had been in 
too great haste to establish a theory. Secondly, 
other naturalists, delichted with the phenomena 
they observed, maintained that their observations 
and experiments could be attended by no other 
result, than the one which was conformable to 
the hypothesis anterior to the experiments them- 
selves. Thirdly, and lastly, another class of na- 
turalists, having too much confidence in their 
own experiments, and in those of their co-ope- 
rators, did not employ all the scrupulous atten- 
tion by which the true observer is characterized. | 
In proportion to the variations in the stateand — 
temperature of the atmosphere, and to the differ- 4 
ences in the nature of animals, the observer 4 
ought to vary his method, and the means he ~ 
employs in his experiments, to obtain a satis= — 
factory result. Many things may otherwise rea-_ 
dily escape his attention, and contribute to— 
change the nature of the processes he employs. 
He alone who, with facility and certitude, ex- 
plains the whole, or the greater number of the — 
phenomena he has noticed ; who is supported by. 
a sufficient number of experiments, well made, 
and | 
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and differently combined; who has carefully no- 
ticed every fact; and who is acquainted with the 
laws which may, with prudence and precaution, 
be deduced from the assemblage of facts; may 
be truly said to have established a solid and ra- 
tional theory. — 

_ In conformity to these principles the question 
of galvanism is discussed by Rernnoip, who has 
connected with the labours of others many inte- 
resting observations made by himself, Fer the 
sake of perspicuity, he divides the substance of 
his two Dissertations into eight sections. 

In the first section he gives his reasons for 
adopting the denomination of galvanic fluid in 
preference to any other ; and, having detailed all 
the works which had been published on galvanism, 
explains the order he means to follow in treating 

that subject. 

_ Relatively to the denomination, he considers 
that all those which had been heretofore em- 
ployed are insignificant and inexact. «He prefers 
that of animal eleCtricity to that of metallic elec- 
tricity, employed by Voura, because the same 
phenomena may be produced without having re- 
course to metals. That of metallic irritation, 
proposed by Creve, does not appear to him to 
have been judiciously adopted; and he is still 
more adverse to the hypothesis of Carraport, 
by whom the cause is denominated the nervous 


fluid, 
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SJtuid, as well as to the influence of Fowier. He 
lays it down as a certain principle, that GaLvang 
and Vorra are the authors and parents of this 
doctrine; seeing that they have discovered the 
forces of the galvanic fluid, the former in the 
movements it excites, and the latter in the sen- 
sations which result from it. There can be no 
doubt but that the phenomena of galvanism were 
totally unknown before their time. | 

As, however, it might have been urged to 
ReinuHoup, that in the works of several learned 
physiologists, passages are to be found which 
refer to the electric phenomena observed in ani- 
mals, and that these passages may have led to 
the discovery of galvanism ; he examines several 
of them, extracted from the more modern au- 
thors, purposely omitting what is scattered .in the 


works of the ancients, and which merely shows, 


that they had observed in animals, after their 
death, some vestiges of the vital force. 

« Prior to the discovery made by GaLvany, 
Vassaxtt suspected that Nature had bestowed on 
animals electric forces, distributed in each part, 
and employed by them in the exercise of their 
functions. Having afterwards. made several ex- 


periments on this subje&, he added, that the — 


eleiric forces he had pointed out, resembled 
the phenomenon of the Leyden phial. Gar- 


DINER, in his Obseryations on the Animal Eco- — 


nomy, 


‘ 
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nomy, maintains that there is in animals a vital 
principle, distributed in the brain, cerebellum, 
and medullary substance, of which principle the 
nerves are the conductors. He adds, that this 
fluid is extremely subtile, and that, instead of its 
being contained in the vessels, it adheres to the 
solid substance of the nerves. Luenr has ob- 
served that, without deviating from the right 
mode of philosophizing, he considers himself au- 
thorized to conjecture, that the electric fluid, 
distributed widely and at intervals, is determined 
by the nervous fluid secreted in the glands of 
the brain, to the nerves themselves, where it aids 
sensation and motion. The opinion of Krucezt 
is pretty nearly the same. Garpuint, in his pub- 
lication on the influence of atmospherical elec~ 
tricity on vegetables, relates an experiment very 
similar to those of galvanism. ‘ Lizards, he 
observes, after the head has been cut off, move, 
raise themselves up, and support themselves on 
their feet. ‘This is more easily effected by laying 
one of these animals on a bit of glass, and bring- 
ing an electric substance in contact with its neck, 
at the same time that the experimenter places 
his finger on the tail.” 

‘The above cited authors are all of them ante- 
rior to the discovery of the doétrine of animal 
eleftricity. It is extremely probable, that if they 
had followed the indications pointed out to them 
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by their observations and experiments, they would 


not have been at a loss to discover the effects of 


galvanism. It has been already noticed that, 
prior to the researches of Vorra, Suirzer had 
observed the effect of the application of different 
metals to the tongue, in the production of a cer- 
tain taste, similar to that of vitriol of iron. | 

After having given an account of the writings 
of Gavan, and of the Italian and German au- 
thors already mentioned in this work, RernHoLp 
dwells with much pleasure on those of Votra, 
whom he entitles the prince of Ltalian naturalists. 
At the commencement, the latter was attached 
to the theory of Gatvanti, which he, notwith- 
standing, combated in a certain degree, and cor-~ 
rected several of its dogmas. He afterwards 
abandoned this theory by degrees, until at length 
he established a new one, founded on very in- 
genious experiments made on animated bodies. 
ALoINI, nephew to Garvant, defended his un- 
cle’s theory, in two Latin dissertations, which 
contain several very curious experiments: it 
would appear, however, that these two publica- 
tions, as well as another written by him in the 
course of the same year, in the Italian language, 
did not meet with the favourable reception they 
merited. 


The researches of Vauzr experienced a better — 


fate. Having made the cause to reside in the parts 


of J 
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of the animal organization; he examined the in- 
fluence of the medicaments denominated by phy- 
sicians heroical and poisons, on the animals which 
were to be subjected to galvanic experiments. 

After having detailed the observations and ex- 
periments of Fontana and Bertinenrert; Rei 
HOLD proceeds to the researches of the English 
and French physiologists on galvanism: He 
here takés occasion to pay a handsome compli- 
ment to our countrymen; who, he observes, 
have been infimtely more mdustiious than their 
Gallic neighbours, and have opened a more 
extensive and more fertile field of investigation, 
as is proved by their publications, in which the 
names of Monro, Fowurr, Rogison, CavaALto, 
Wetts, &c. shine conspicuously. Adverting to 
Denmark, he cites the names of HAaveéx and 
CousMann; who have illustrated by their writings 
the doctrine of galvanism. ‘That the Germans 
have laboured with their wonted assiduity in this 
mvest'gation, is evinced by the numerous works 
they have published on the subject: Several of 
the writers of this nation have been already men- 
tioned, and more particularly Creve; who has 
written very extensively against Gauvani and 
his partizans. At a very early date after the gal- 
yainic phenomena had been noticed, he communi- 
eated his observations on human limbs subjected 
to amputation ; and recommended the employ- 

02 ment 
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ment of galvanism in the discovery of real death, 
pointing out the mode by which it ought to be 
distinguished from apparent death brought on by 
asphyxia, or any other cause. The advice he 
gave on this head appeared in a dissertation pub- 
lished by his pupil Kue1n, on the subject of the 
efficacy of metallic irritation in the discovery of 
real death. ‘This dissertation appeared in 1794. 

About the same time, that is, in 1793 and 
1794, Prarr published several papers on gal- 
vanism, in the Latin and German languages, in 
which he combined his own experiments with 
those of the other physiologists. He made a va- 
riety of researches on the species of electricity 
which he stiles animal, and added the details of 
the purposes to which it may be applied in natu- 
ral philosophy and medicine. 

He was very soon followed by Humrozpr, 
whose writings infinitely surpass those of his pre- _ 
decessors, as well on account of the abundance — 
of scientific knowledge they contain, as of the — 
ingenuity displayed in them. The works of this | 
learned naturalist, as they are cited by Rernnonp, | | 
consist of three letters addressed to the celebrated _ 
Biumenzacn, and another to Cre, published in 
the German ScientificJournals. A letter addressed — 
to M. Picret, inserted in the Magazin Encyclo= f 
pedique, on the influence of the oxy genated muri< 
atic acid, and on the irritability of the organic fibre. 4 

husgit =" Another. 
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Another letter to M.pzn Mons. And, lastly, his 
principal work on galvanism, published in 1797, 
a particular account of which will be given in the 
sequel. 

Rernuotp concludes the list of the authors 
who have professedly treated the subject of gal- 
vanism, by a short notice of those who have 
spoken of it in a cursory way, in the diurnal 
prints, or other periodical publications. It will 
be simply necessary to cite in this place the 
theoretic dissertation on the principle which 
gives birth to epidemic fevers of an inflammatory 
nature, by EscuenmMeYER. ‘This author makes 
the atmospheric miasma by which these fevers 
are produced, to reside in electricity ; and under- 
takes to prove, by galvanic experiments, that his 
opinion is well founded. 

REINHOLD next points out the order he means 
to observe, in treating the subject matter of his 
two dissertations. He confines himself to expe- 
riments purely galvanic, as they relate either to 
the different parts of the animal organization, or 
to the bodies which are conductors of the galvanic 
fluid, applied to the animal, and in mutual con- 
tact with each other. In the detail of these ex- 
periments, he relates those which demonstrate 
the effects of the galvanic fluid, in the first in- 
stance on the irritable fibre, and afterwards on 
the sensible fibre. In other words, he details the 


experiments relative to movement and sensation. 
03 kis 
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He has classed these experiments under their re- 
spective heads, from a conviction that movement 
and sensation, although arising from the same 
source, as he endeavours to demonstrate in the 
sequel, differ notwithstanding, according to the 
mode in which the animal is prepared for the ex- 
periment, and according to the disposition of the 
galvanic apparatus. On this latter head, he,ob- 
serves that the coatings * may be applied, either 


* The coating is a substance which, being applied toa part 
of an animal capable of being incited, gives motion to the gal- 
vanic fluid, by embracing it in some way or other. It is then 
said that the part is coated, or armed. It is of little moment 
whether the coating be above, below, or at the side of the part 
to be aéted on, provided it touches it precisely at any one de- 
terminate point. Two kinds of coatings are employed, rela- 
tively to the parts they touch, namely, that of the nerves, and 
that of the muscles. Several authors have bestowed on the 
latter the name of exciting arc, but improperly, since it has 
been proved by more recent observations, that the two coat- 
5 ings, that c of the nerve, and that of the muscles, possess alike 
, the excitative faculty. It is true, that several of them, when 

app plied to the nerves, or to the muscles, produce more extraor- 
dinary effects than the others, and excite a greater number of 
galvanic phenomena, as well as more powerful ones. ReEIN- 
HOLD divides the coatings into nervous and muscular; or, if it 
should be wished to disregard their faculties, and sal to 
consider the nature of the part armed, the one applied to the 
muscle may ‘be entitled coating of the muscle, and the one ap- 
plied to the nerve, coating of the nerve, In this case ce M. 
may be employed, by abbreviation, to distinguish the former ; ; 
apd C. N. the latter. 
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on the nerves and muscles at the same time, on 
either of them separately, or on other humid 
substances contiguous to the animal, taking care, 
however, that they do not touch it at any given 
point. The movement and the sensation likewise 
differ, according ‘to the media which surround the 
animal with the apparatus ; according to its in- 
citability, more or less modified by the agents ; 
and, lastly, according to the different nature, the 
different distribution, and the different assem- 
blage of the substances with which the animal is 
armed, or by which the coatings are united. In 
proposing to cite the authors of each description 
of experiments, together with the variations they 
have experienced, Ruinnoip deems it necessary, 
in the first place, to say something of the ani- 
mals themselves, and of the mode of preparing 
them for the experiments. 

It is well known that, since the commencement 
of the discovery of galvanism, the experiments 
have been most frequently made on frogs, and 
more especially on the species denominated by 
LINN ZUS rana esculenta. ‘This has unquestion- 
ably been done on account of the facility with 
which frogs are found, as well as on account of 
the vital force which subsists in them a consider- 
able time after death, and of the particular struc- 
ture of their body and nerves. It is certain at 
the same time, that their preparation is much 

OA easier 
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easier than that of other animals. It is of little 
moment, whether an animal destined for experi- 
ment be in health and in an entire state, or, on 
the other hand, prepared and dissected. 

With respect to the preparation, four diffe- 
rences have been established by physiologists. 
Some of them merely deprive the animals of 
their integuments to the muscles. Others, after 
having opened the cavities of the thorax and ab- 
domen, and removed the viscera, denudate the 
nerves and muscles distributed in those parts. 
Orhers, again, after the animal has been prepared 
in this manner, separate all the parts between the 
origin of the nerve and its insertion in the muscle, 

yinsomuch that the latter is attached to the rest 
of the trunk by the nerves only. Several natu- 

ralists, after having prepared the animal as above, 

cut off its head, to the end that the movements 

excited by galvanism, may not be deranged by 

the voluntary movements, and a confusion ensue 

between them. ‘The fourth kind of preparation 

consists in the entire separation, by dissection, of 

each.of the parts from the rest of the body; the 

extremities, for instance, or any one of the mus- 

cles, after it has, as well as the nerves, been laid 

bare. ‘Those who are desirous of further infor- 

mation relative to the best modes of preparing 

animals destined for galvanic experiments, may 
consult ScuMuck, Gren, and Cavauzo, the 

latter 
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latter of whom has illustrated this subje@t by a 
plate. 

In the second’ section of his dissertations, 
ReEINHOLD treats of the contractions of the mus- 
cles, produced by animal substances brought into 
contact. These contractions are excited in ani- 
mals replete with vigour, more particularly frogs, 
so long as the incitability * is in a highly exalted 
state. When they have been prepared in any one 
of the modes explained above, one of their solid 
parts, in a humid state, should be brought in 
contact with another incitable part destined for 
motion, in such a way as that the former may 
constitute an arc touching the nerve or the mus- 
cle, or both of them at two points. It is of little 
moment, whether the part which is brought in 
contact be organically united with the part it 
touches, or taken from any other animal. 

Humsoipr, ALpini, and Vauui, were struck 
by this discovery, the merit of which is entirely 
due to Gatvani. They repeated the experi- 
ment on a frog, the inferior extremities of which 
were connected with the body by the ischiatic 
nerves only. No sooner was the communication 
established, than violent contractions and move- 
ments were perceived in the leg; insomuch, that 
the gemelli muscle and internal gastrocnemius. 


* We have adopted, with Rernuotp, the words encitability, 
and incitable, because he employs them in preference to those 
of irritability and irritable. 

were 


%02 REINHOLD’S REVIEW OF GALVANISM. 


were drawn up towards the muscles of the thorax, 
and towards the ischiatic nerve, to such a degree 
as to touch these parts. The same phenomenon 
was observed, when the above nerves, or a part 
of the medullary substance, came in contact with 
one of the lower extremities. It was then per- 
ceived, that the movements were augmented ina 
greater or less degree, in proportion as the parts 
to be brought in contact were moistened with 
saliva, with a solution of sane substances, or 
with soap and water. The effect does not cease 
when the nerve and the muscle are united to a 
humid part ef an animal with which they have 
not any organic union. These phenomena will 
be more particularly explained im the sequel. 
Our author next proceeds to describe the con- 
tractions excited by non-animal heterogeneous 
substances, either in animals in an entire state, or 
prepared according to the methods described 
-above. These heterogeneous substances consist of 
the coatings, which he divides mto muscular and 
viervous, and with which Voita, Vabui, Corra- 


. port, Fow ier, Monro, Prarr, and ACKERMANN, _ 


have made a variety of curious experiments. He 
speaks also of the movements produced on living 
persons by these coatings; and of those resulting 
from the application of zinc and silver within the 
cheeks. He notices particularly the experiment of 
Hustzoipt, who produced, by the meansof metal - 
lie substances,. contractions in the muscles, after 


haying 


Pte ee eee 
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having removed the epidermis by a blistering’ 
plaster ; and that of AcHArp, who noticed dis- 
tinctly the augmentation of the peristaltic motion, 
when he introduced, after having applied to the 
tongue a bit of zinc, a piece of silver into the 
anus. In this case, the sphincter muscle having 
been made to contract, the desire to go to stool 
soon followed, and was succeeded by the evacua- 
tion itself. (GRAPENKIESSER notices, that he has 
seen the above motion aceclerated, by the same | 
means, in the case of a man whose large intes- 
tines, formerly contained in a hernial sac, had, in 
consequence of an abscess in the part, formed an 
artificial anus. ‘Thig observation will be particu- 
larly dwelt on hereafter. 

Relatively to the contractions excited in dis- 
sected animals, by coating the muscles and the 
nerves, REINHOLD observes that, after the inte- 
guments have been removed, and the muscles 
and nerves duly prepared, when the latter are 
not yet destitute of their vital energy, that is, 
when they are still humid, and susceptible of 
contractions, if, under these circumstances, the. 
coatings are well conditioned, and applied in a _ 
proper manner to the incitable animal, there en- 
sues a kind of tetanos in every part of the body. 
But if, on the other hand, weak coatings be em- 
ployed, or if the incitability of the animal be 
nearly extinguished, no other than very feeble 

commo- 
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commotions will be obtained. It has thus been 
noticed that the brain, or medullary substance, 
being armed, all the muscles provided with nerves 
which lead from those parts do not contact, but 
merely those which proceed from the part which 
is coated, or from its vicinity. It has in general 
been ascertamed by faéts, that the movements 
are very powerful, whenever the nerves are sur- 
rounded by the galvanic fluid in an insulated 
state, whether this be throughout thew whole 
extent in the muscles, or, at the least, at a small 
distance from the point where they are distri- 
buted. The bumid coatings produce the same 
effect as those which are dy, operating as pow- 
erfully as the metallic coatings themselves. On 
this head, Rernnoxp observes that, by the means 
ef the liver of sulphur and the muriatic acid, 
united by silver, he had several times succeeded 
im exciting as powerful contractions as with gold 
and zinc. CrzEvE goes so far as to assert that 
the galvanized extremities of frogs, on which he 
laid iron and the copper of Japan (cuprim Ja- 
ponenxse) became so violently contracted as te 
raise, in the first instance, a pound weight, and | 
afterwards. upwards of two pounds. 

The contractions take place, not only when 
heterogeneous coatings are employed, but like- 
wise, more feebly, it is true, when the application 
‘of homogeneous coatings, .is.made. This fact 

| has 
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has been questioned by several naturalists, among 
whom may be cited Gren, Mrcuaztis, and 
Voutra. The latter has even asserted, that those 
who had observed contractions to result from 
homogeneous coatings, had been led into an 
error, when they ascribed to similar metals the ~ 
same nature, without paying a sufficient atten- 
tion that this nature frequently varies at each 
point, in consequence of the degree of rough- 
ness or polish of the metals, of their thickness 
or tenuity, of their unequal surface, of the mode 
in which they are applied to the parts, and, lastly, 
of several other unforeseen circumstances, which 
very frequently change the power of the coat- 
ings, thus influencing the result of the experi- 
ment. ‘Those made by Atprni and Humgotprt, 
and which were’ often repeated, set aside all the 
reasonings, as well as all the facts, founded on 
the opinion of Votra. Humeroxipr obtained 
contractions by bringing mercury, well purified, 
and in a homogeneous state, in contact with the 
muscle of a frog carefully prepared. Rertnyoip 
frequently sueceeded in exciting movements, by 
placing beneath the crural nerve, laid on a bit of 
glass, the torn edge of a flattened piece of zinc, 
in such a way as that it touched the nerve at 
one point only. Several other experiments have 
proved that homogeneous moist coatings are also 


capable of exciting movements. 
{n 
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In giving an account of the experiments made 
by the means of the ligature of the nerves, and 
of the effe&s which, according ’to Humsorpy | 
and Vauur, result from them, Rernuoxp takes 
occasion to notice anether fact observed by Gat- 
vant, Monro, Fowrer, and CaLpant, a precise 
explanation of which was first given by Prarr. 
The latter having perceived that the movements 
were unusually feeble, when the crural nerves 
were laid in a moist basin, ascribed to humidity 
the dissipation of the operating fluid, and the 
cause of the diminution of its effects. It is on 
this account that he endeavoured to ascertain, 
whether other substances, conductors of the gal- 
vanic fluid, would produce the same effet, if 
brought from the coating of the nerve, and di- 
rected towards the denudated museles. ‘The re- 
sult was, that he found the movements to be, in 
almost every case, weakened by similar deriva~ 
tions of the galvanic fluid; insomuch, that they 
were sometimes in a languid state, and at others 
ceased altogether, according to the variety of 
these derivations. ‘The same author, as well as 
VoLTa and Fowxsr, noticed the movements 
which take place at the moment the coatings are 
separated from each other. 

Nothing certain has been acquired relatively 
to the interval of time during which the galvanic 
contraGtions ean be excited, their duration de- 


pending 
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pending on the nature of the animal, as well as 
on that of the experiment. This has given rise 
to a great diversity of opinions. With the ex- 
ception, however, of Catpant, all the physic- 
logists agree in opinion, that the contracuons 
excited by galvanism are of longer duration than 
those which are procured by mechamcal agents. 
- They consequently maintain that the loss of im- 
citability cannot be ascertained, until fruitless 
efforts have been made to awaken this dormant 
faculty. Rzrnaoxip having placed a piece of tia 
beneath the nerves, and a piece of silver beneath 
the muscles of several aged female frogs, found 
that the muscles scarcely contracted at the ex- 
piration of sixteen hours. Fowxer observed 
convulsive movements of the muscles of animals 
of this description, sixty-twa hours. after their 
death; and Creve, as well as Hermestaepr, 
_ found these movements to be of a still longer 
duration. ‘The latter remarked them in a tor- 
toise during three days, the water in which » 
the animal was kept having peasy become in a 
xreat measure putrid. 

The sagacity of physiologists, by which they 
were enabled to notice these movements in the 
muscles governed by the will, led them to the 
discovery that they are likewise produced, by the 
means of the galvanic fluid, in the parts which 
are not obedient to the will. They set out by 

| experi- 
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experiments made on the heart, All those who, 
a short time after GaLvant’s discovery, employed 
themselves in experimenting on that viscus, de- 
nied that it could be acted on by the galvanic 
fluid. This was the joint opinion of Scumucx, 
Mezzini, Votta, Vatu, Kuen, Prarr, and 
Besrenps, the latter of whom concluded from 
this circumstance, that the heart is unprovided 
with nerves, which merely accompany the vessels. 
REINHOLD gives a detailed account of the ex- 
periments made on this subject by the above 
physiologists, as well as by others, such as Fon- 
TANA, Giutio, Fownrer, Humsontpt, Creve, 
Lupwic, Wessrer, and Micuarttis. He direéts 
his attention particularly to those of Humsotpr, 
who, .to ascertain with precision whether the 
galvanic fluid possesses the faculty of giving mo-~ 
tion to the heart, and whether this faculty acts 
by the medium of the nerves only, made several 
very ingenious experiments, mm concert with his 
brother, He found, that on carefully preparing’ 
and coating: the ver -yggmall nerve which proceeds 


fo the ha tantly after the animal had been 


killed, the heart itself moved in every part, insos 
much that its contractions, when they had ceased, 
wereeither excited afresh, or accelerated when they 
were feeble. Toremove every suspicion of mechani+ 


cal stimuli capable of irritating the substance of 


the heart, M. Humsonpr laid over it bits of 
muscle, 
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muscle, to which alone he applied the coatings. 
The same effect took place, without any difficulty. 

These experiments were repeated by Rein- 
HOLD on frogs, rats, hares, and cats, with a 
nearly similar result. He remarked, however, 
that the humid coatings, more especially those 
which experience has proved to be the best, con- 
nected each with a metallic substance, excite in 
the heart movements equally powerful with those 
produced by metals only. This happens, whether 
they be applied to the nerves and muscular fibres 
separately, or to both at thesametime. It should, 
however, be noticed, that the movements which 
are excited, when the nerves and the fibres of the 
heart are coated at the same time, are invariably 
more powerful than the other movements, &c. 

In experiments made on the stomach and in- 
testinal canal of acat, there did not result any 
movement from a coating with zinc and silver, 
applied on the stomachic flexus, and on the 
semi-lunar ganglion. Monro has, notwithstand- 
ing, seen the extremities of a frog. thrown into — 
convulsions, by the union of” zine, lied to 
the back, with gold introduced into the i testinum 
rectum. ‘The same observation was fade ae 
Humsotpr. Having bound the inferior extretni~ oo 
ties of a frog, laid on a sheet of zinc, the animal 
leaped to a considerable distance, with an incre-° ~ 
dible force, as soon as he had introduced into the 
wv0L. Ee : ee anus 
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anus a silver wire, and brought it near the other 
metallic substance. He also perceived, in birds 
which lay without any signs of life, the flutter- 
ing of the wings, after he had brought in con- 
tact the zine with which the tongue was coated, 
and the silver introduced into the straight gut. 
By this method, he, as well as Vaux, contrived 
to restore these animals to life. 

Similar experiments, made on the urinary blad- 
der, matrix, diaphragm, arteries, and veins, were 
more or less successful, or failed altogether, ac- 
cording to the mode in which they were exe- 
euted. Those of Fownsr, which, according 
to the reasoning he established on them, de- 
monstrated that the movement of the blood, in 
the arterial system, is accelerated by galvanism, 
proved to Ruinuoip quite the reverse. The m- 
fluence of the galvanic fluid on the arteries has 
been, nevertheless, full y demonstrated, seeing 
that Humspotpr experienced it on himself. Hav- 
ing applied to the parts of his body which he 
had purposely blistered, zinc and silver, he con 
stantly observed, that the seroso- noida hus 
mour ‘which exudes from the vessels deprived of 

: the epidermis, being excited by the galvanic fluid, 
flowed out in a greater or less degree. He no- 
ticed also, that it changed its nature and colour, 

_ corroding the parts of the back he had chosen 

for his experiment. | 


' ft 
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It was repeated by Rkinnorp oit three sick 
persons. In the case of the fitst; the pheno- 
mena noticed by Humgoipr were manifested ; 
but the second did not appear to have been acted 
on by the galvanic fluid. It should be observed, 
however, that he had been attacked by a rheu- 
matic ophthalmia, and was therefore galvanized 
once only. The third patient had a venereal 
ulce#, which was nearly cured. The following 
Observations were made on this latter occasion. 
On the first day nothing retnarkable occurred, | 
éxcept a painful itching: On the third day, the © 
purulent discharge of the ulcer having been re- 
moved, a humour of a pale red colour was ob- 
served to ooze out, producing on the edges of 
the uleer a considerable degree of inflammation, 
which, however, soon subsided. According to 
Rernuoxp, this arose from the following causes 
First; because the patient was of 4 sleuth see 
temperament. Secondly, because the incitability 
of an old ulcer is not so’great as that of a part 
the epidermis of which has been rémoved a short 
time beforé the experiment. And, lastly, be- 
cause a part to which caitharides have béen ap= 
plied, is more favourable to galvanic experiments 
than an ulcer, seeing that it has a greater extent 
of surface, and will consequently admit of the 
application of a larger muscular coating. A phe- 
_ nomenon which likewise proves the ascendancy 
PB ae of 
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of the galvanic fluid on the arteries, consists in 
the discharges of blood from the parts which 
have been galvanized, from the nostrils, accord- 
ing to the authority of Monro, and from the 
ear, according to ow Ler. 3 

_ Reinnoip next treats of the Ate hye of 
fe muscles, excited by coatings which embrace 
the nerves only. He observes, that. in this case 
the coatings excite movements in the muscle, 
the nerve of which they embrace, as effectually 
as if they had been applied both to the nerve 
and to the muscle. This fact has been denied by 
the partizans of the theory of Ganvan1, although 
the latter asserted that it had been noticed by him, 
and although it has been proved by other physiolo- 
gists, such as Vorra, VaLii, Monro, Fow.er, 
and Creve. The latter adduces several examples, 
to demonstrate that the contractions which re- 
sult from the simple coating of the nerves, are 
of a considerable duration. If they disappear 
sooner than when the nerve and the muscle are 
both of them coated, it is because the nerve, be- 
ing more frequently touched, and in a greater 
number of its parts, does not retain its activity 
~ go long as in the other case. On this subject 
Creve inquires, whether the movements excited 
by the nerves, when enveloped in a coating, are 
more powerful, and of a longer duration, than 
those excited by the uncoated nerves. He de- 
clares himself of opinion that they are ; and 


brings 
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brings. forward an experiment in support of his 
reasoning. | 
Rernnouip, who does not entirely agree with 
him, ascribes the weaker movements, in the lat- 
ter instance, to the contact of the nerves and 
muscles, the contractions of which have been 
excited with the adjacent parts, and to the deri- 
vation of the galvanic fluid, which is the neces- 
sary result. As an evidence of this he observes, 
that any one of the muscles destined to move 
the eye, produces as powerful movements as any _ 
other of the voluntary muscles, if the nerve which: 
governs its motion be properly coated, after hav- 
ing been dissected and insulated near its origin 
in the brain. He is, besides, of opinion, that 
the membrane with which nearly the whole of 
the nerves are provided, except at a small dis- 
tance from their origin in the brain, acts as a 
conductor of the galvanic fluid to the nerve. 
Relatively to the movements which are pro- 
duced when the muscles alone are coated, Gax- 
vant, VauLi, VoLTa, and Vasco, were the first 
to start the doctrine, which all those who have 
written after them have embraced, that the move- 
_ ments equally take place when the coatings of 
this description are united, as well those which 
embrace different muscles of the same animal, as | 
those which are applied to. one and the same 
muscle. Reinnoxp observes that, by the means . 
P3 | of 
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of humid coatings, he could with difficulty ex- 
cite very feeble movements only; and that, with 
homogeneous coatings, he could not obtain any, 
except in the case of very irritable frogs, and that 
only in the parts where the nerves were covered’ 
with a very thin layer of muscular fibres. He 
notices the experiments made by Humso.pr, of 
which we shall speak more particularly hereafter, 
to ascertain whether the galvanic phenomena are 
owing to the nerves or to the muscles. He him- 
self observed movements, of from eight to four- 
teen hours duration, excited in the muscles of a 
frog which had been kept in the shade, in a 
temperate and somewhat moist atmosphere. He 
likewise remarked that these movements, although 
more feeble, were of a longer duration than those 
excited by the coatings applied to the nerve only; 
which will not appear extraordinary, when it is 
considered that the muscle, having a much larger | 
superficies than the nerve, in consequence of 
which it must be much longer in drying, pre- 
sents to the contact of the coatings a much 
greater proportion of humid and irritable parts 

than the latter. 3 | 
On the subje& of the movements excited by 
‘coatings added to humid substances, conductors 
of the galvanic fluid, and contiguous to the 
animal itself, he observes that Vora is the 
earliest physiologist who spoke of this method. 
, ie of 
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of exciting movements. He was followed by 
Mowro, Fowrer, Cavatio, and Prarr, the 
_Yatter of whom made a variety of very curious 
experiments on this subject, which he discussed’ 
with great ability. ReitnHop is of opinion, that’ 
to this class of experiments ought to be added 
those which consist in joming to the nerve, or 
to the muscle, one of the coatings which touches 
the other in an immediate way, either by the 
means of some moist part of the human body, 
such as the hand, or by fluid conductors. He 
denies, however, that the experiments in which 
the coatings, in embracing the animal itself, are 
united by such a substance, contiguous to each 
of them, are to be considered as belonging to the 
same class. He thinks, on the other hand, that 
experiments of this nature ought to be compre- 
hended among those in which the coatings are 
united by bonds of a diverse nature. 

The coatings are applied in three different 
states, according to the nature and description — 
of the humidity which is employed to conduét 
the galvanic fluid. Thus an application of the 
coatings is made either to the humid parts of 
animals and plants, or to non-organic substances 
moistened in any given manner; or, lastly, to 
fluids themselves. With respect to the move- 
ments excited by coatings applied to parts be- 
jonging to the animal Fen een, they are 

P4 equally 
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equally perceptible, whether raw flesh be em- 
ployed, or flesh that has been previously dressed. 
Humsorpr has proved that the parts of plants, 
covered by their epidermis, can scarcely be con- 
sidered as conductors of the galvanic fluid, and 
that they cease to be so altogether, after the 
epidermis has been removed. On this head, 
Fow er and Prarr were guilty of an error, 
when they asserted that plants in general -have 
a. conducting faculty. They have, however, 
made several excellent observations relative to 
the movements excited by coatings applied to 
humid, non-animal substances. In investigating 
this subject, Rernnoip found that the effects 
are the same in coating either paper, leather, 
linen, soap, or any other substance moistened 
by any particular fluid acting as a conductor, 
with the exception of those which change the 
incitability, such as the acids and alkalis. The 
movements cease, however, as scon as an appli- 
‘cation is made, either of oil, of the solutions of 
gums and resins, of wax, mercurial ointment, or 
1Ce. 

The following is a curious experiment made 
by Rernyoxp, on the vital force, and on.the 
effect of the circumambient air. While he was 
holding in his hand the legs of a prepared frog, 
“he perceived the part of the spinal marrow Sich 
supplies the crural neryes, to be, instantaneously 

as 
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as it were, in a tremulous and .convulsed state, 

notwithstanding the scissars he held in-his other 

hand were about a line distant from the part in 
question. . Suspecting that, either by the oscilla- 
tion of the nerves, or by the involuntary trem- 
bling of the hand, the scissars might, perhaps, 

have touched the medullary substance, he made 
the experiment in another manner. He laid on 
.glass the extremities he held between the finger. 
and. thumb, in such a way as that the nerves and 
‘medullary substance should be freely suspended — 
in the air. His other hand, in which he held the 
scissars, rested on a board which was not con- 
tiguous to the spot where the animal was placed. 
On his bringing the scissars near the medullary 
substance, movements, similar to those in the 
former instance, were observable ; and the effect 
was invariably the same when the experiment was 
repeated on other frogs. But, however near he 
brought the scissars to the coating of the mus- 
cles, he could never perceive any movement to 

take place. Zinc was of equal utility with iron, 
in producing the contractions referred to above; 
but he was not successful in his trials, either with. 
other metals, or with humid coatings. 

REINHOLD afterwards made several of that de-» 
scription of experiments in which the coatings, — 
brought into immediate contact, are applied to 
Auid conductors of the galvanic influence, com- 

municating, 
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municating, in a direct way, with the animal. 
For this purpose he tried the galvanic forces of 
several fluids, such as spring-water, rain-water, 
distilled-water, milk, arterial and venous blood, 
soap, urine, the juice of plants, spirit of wine, 
solutions of neutral salts, alkaline liquors, acids, 
and oil. In every instance, except in the case of 
the oil, more or less powerful contractions were 
displayed by the animals. Authors ditfer widely 
in their opinion relative to the conducting pro- 
perty of spirit of wine, probably on account of 
the manner in which it is prepared, and of the 
want of a due attention, on their part, to the 
power it has of changing the incitability. 

Our author here notices the galvanic experi- 
ments made on all classes of animals, as well as 
on vegetable substances. They prove that there 
is scarcely any animal, whether quadruped, bird, 
fish, insect, or worm, that is not more or less sus- 
ceptible of galvanic irritation. It is the same 
with plants. The very ingenious experiments 
made by M. Humpoupr, already detailed in this 
work, prove that they are alike influenced by this 
principle. RerwHoxp endeavours to explain the 
reasons why the changes produced in plants by 
galvanism can very rarely be perceived. They 
are as follows : + 
’ “jst, Because several plants require a specific 
stimulus to excite them. 
2dly, Be- 
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Qdly, Because, in their case, the excitement 
takes place so speedily, by the humours, which 
circulate in the vessels, and by the augmented 
secretions, that the human eye cannot perceive 
them. : 

3dly, Because the irritable fibre is too deeply 
seated beneath the bark and the other parts, 
which find a difficulty in conducting the galvanic 
fluid. If, with a wish to coat the fibre itself, 
these parts be divided and withdrawn, the he- 
morrhage which is the result of the incisions, 
either entirely destroys, or considerably weakens, 
at the least, the incitability of the plant. 

Athly, and lastly, Because all the movements 
excited by plants, with the exception of those 
observed in some particular ones, appear to be- 
long to the class of involuntary motions, which it 
is extremely difficult to excite in animals, by the 
means of galvanism. 

The third section of RernnHoxn’s dissertations 
is devoted exclusively to experiments relative to — 
the external senses. In the same way as the 
motive faculty of the nerves, excited by a stimulus, 
produces movements, so likewise does the sensi- 
tive faculty produce sensations. Both the move- 
ments and the sensations are excited by gal- 
vanism, in a greater or less degree, according to 
the nature of the nerve. Our author begins by 
detailing the experiments relative to the sense of 

| taste. 
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taste. Voxra first noticed that a coating of the 
nerve, applied to the point, or to the inferior sur- 
face of the tongue, and a coating of the muscle 
applied to the superior, excite, the mstant they 

are brought in contact, an acidulous taste, simi- 

lar to the one which is perceived after the tongue 
has been burned. If the places of the coatings 
be changed, in such away as that the one belong 
ing to the upper part of the tongue may occupy 
the lower part, and vice versd, the above taste 
will become acrid and alkaline. This experiment 
having been several times repeated, in different 
ways, by various naturalists, produced as great a 
variety of effects, which are specified by Rein- 
HOLD, and which, according to him, depended 
in a great measure on the greater or less degree 
of sensibility of the tongue. With respect to the 

kind of taste which is perceptible, Humspouptr 

doubts whether it is entirely to be ascribed to 

galyanism, and finds so great a difficulty on this 

subject, that he does not undertake to resolve 

the question. It should be noticed that, in this. 
‘case, the effect of the galvanic fluid consists en- 

tirely in the excitement of the nervous papille 

of the tongue; which excitement obliges the 

vessels to supply a humour similar to the one they 
furnish in the ulcers produced by vesicatories. 

« The galvanic fluid has, at the least, as powerful 

an action on the organ of sight, as on that of 

taste. 
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taste: The experiments on this head are more 
curious than the others, and indeed more decisive 
as to the effects of galvanism. . Reinnoup cites 
a considerable number of them, made by different 
naturalists, as well as those made by himself. 
The following are the most important ones: 
The visual nerve having been carefully coated, or 
armed, as soon as the coatings are brought toge- 
ther, a sudden burst of light is perceived, which, 
like a flash of lightning, strikes the eye, whether 
open or closed, and which is as apparent in the 
dark as at mid-day. It ought, however, to be 
remarked, that the glare of light is more brilliant 
when the eye is shut in an obscure place, than 
when it is open in a place exposed to the sun 
or light. It is likewise more brilliant when the 
nervous coating is applied over the eye itself, the 
silver being, consequently, over the right eye, 
and the zinc over the left. The latter, in this 
case, is sensible of a greater splendour of light, 
as Reinnoup has sometimes observed, at the in- 
stant the metals are withdrawn from each.other. 
What is still more surprizing is, that this light 
is manifested, not only on the application of the 
coatings to the eye itself, but also on a similar 
application to other parts. Four different modes, 
for its production, are described by Humsoxpr. 
The most remarkable is the one by which it was 
made very apparent, Nee after having laid on 
the 
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the tongue a bit of zinc, the above physiologist 
introduced into the straight gut, to a consider- 
able depth, a piece of silver. Fow er observes, 
that he has seen, in the case of himself and seve- 
ral other persons, in addition to the glare of 
hight, which was very evident, a contraCtion of 
the pupil. This appeared to him to demonstrate 
the influence of the galvanic fluid on the iris. 
‘These contractions of the pupil were not, how- 
ever, observed either by Humsoupt or Prarr. 
Rernuoxp having forced the zinc high up into 
the nostril, at the same time that the tongue was 
covered by a piece of silver, and the two metals 
having been brought in contact in an obscure 
place, repeatedly observed the contraction of the 
pupil, which takes place more particularly in an 
eye, the incitability of which has been augmented 
by inflammation. The tears, without any change 
being aperated in their natural quality, flowed 
more copiously, at the instant when the zinc, 
applied to the internal angle of the eye, and the 
silver, laid on the upper lip, were brought in con- 
tact. The experiments of Prarr, Corrapont, 
and Monro, have demonstrated that the galvanic 
burst of light, and the taste, are likewise excited, 
when the coatings are applied, not to the organ 
itself, but to other humid substances. | | 
- The galvanic fluid appears also to have an 
influence on the organ of smell, as appears ta 

be 
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be proved by the following experiment made by 
CavatLo. He observes that, having brought 
together a silver thread, forced as high up as 
possible into the nostril, and a piece of zinc, laid 
on the tongue, he was sensible of a putrid smell, 
more especially after having forcibly pulled the 
silver in the nostril. Rernnoxip repeated this 
experiment several times, but without any such 
result. 

According to the latter, if any reliance can be 
placed on the experiments hitherto made on the 
organ of hearing, it seems to be proved that it 
is in no way susceptible of the impression.of the 
— galvanic fluid. Fowxer is of opinion that, in 
these experiments, the blood which is discharged 
during the night, from a galvanized ear, arises 
rather from a mechanical injury than from any 
other cause. Reryuoip, on the other hand, 
thinks that this discharge ought to be ascribed 
to the action of the galvanic fluid on the vessels. 

He agrees with Fowxerr and Prarr, that the 
organ of feeling is not more susceptible to the 
impressions of the above fluid, than that of hear- 
ing. ‘The same symptoms of pain which Vaux, 
Fowter, and Prarr observed to manifest them- 
selves occasionally in animals, by the contact of 
metals, Reinnotp has almost invariably distin- 
guished in animals endued with great sensibility. 
Among these demonstrations he comprehends , 

| the 
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the disgust testified by a dog whose tongue has 
been coated. It is proved by other experiments, 
that the galvanic fluid affe&ts each of the nerves, 
more especially when laid bare, and in a highly 
sensible state. ‘Thus, when Rogison united to 
the silver with which the tongue was coated, the 
zinc applied to a wound, he felt a pain in the 
part where it was seated. He also found that a 
carious tooth became painful, with a disagreeable 
itching sensation, when the zinc with which it 
was coated, was brought in conta¢t with the silver 
applied to the muscles of the mouth. Hum- 
BOLDT-augmented the inflammation of a wound 
of the skin, by galvanizing it, and brought on 
a blunt, throbbing sensation of pain, accom- 
panied by an itching. . 

The fourth section of Rersuoxp’s Disserta- 
tions contains practical experiments made in the 
different media, which are, according to him, — 
endowed with four different kinds of functions. 

Ist, Being contiguous to the animal on which 
they act as a coating, they excite the galvanic 
fluid, 

adly, Being formed into an arc, in any given 
part, they either retard, or favour the progress 
of that fluid. 

3dly, Not being disposed in the form of an 
arc, they change the effects, on this account, 
that, while the: galvanic fluid is dissipated by 

: other 
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other bodies, conductors of the ‘galvanic fluid, 
certain other bodies, again, in an insulated state; 
press that fluid more powerfully both on the 
animal and on the arce 

Athly, and lastly, they affe@ and change the 
nature of the animal, and of the coatings, in 
such a way as to derange both the experiments 
and their results. 

Among these media, the atmospherical air is 
not the least important. It influences,’ on the 
other hand, in a conspicuous degree, all the 
phenomena of galvanism. When it is charged 
with a considerable portion of electricity, more 
particularly on the approach of a storm, it is 
extremely favourable to galvanic experiments, 
which not only succeed much better under these 
circumstances, but are also accompanied by effe@s 
not to be observed under any other state of the 
atmosphere. ‘The experimerits made by Gat- 
vant, Humborpr, Micuaerts, and REINHOLD, 
ure striking evidences of this fat. In attenuated, 
as well as in condensed air, the effets are, ac= 
cording to Aupin1, equally singular; insomuch 
that he found the movements to be weakened in 
the former of these airs, and augmented in the 
latter. Creve, however; by whom his experi= 
ments were repeated, could not perecive any al= 
teration in the effets, in cither of the above 
airs. It results from the observations of Hum? 

VOL. I. a BOLDT, 
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goLpT, that the galvanic experiments succeed as 
well in the oxygen, nitrous, hydrogen, azote, and. 
carbonic gases, as in the atmospherical air; but 
that the oxygenated muriatic gas excites the most 
powerful movements, and the gas named by the 
French chemists hydrogéne-pesant (carbonated 
hydrogen gas) the weakest. 

The fifth section treats of the conditions ne- 
cessary to produce,-in animals, the galvanic phe- 
nomena. These conditions are divided by Re1n- 
HOLD into two classes, namely, into those de- 
pending on the animal, and those dependent on 
the arc and the coatings. In the number of the 
authors who have written on this subject, there 
are three only, Scumuck, Prarr, and Hum- 
BOLDT, who have entered into a precise expla- 
nation of these conditions. 

The principal one required in an animal, is the 


existence of a sensible fibre in the part on which, ~ 


the galvanism is to act. ‘This fibre’ ought also to 
be irritable, to excite the movements. The ex- 
istence of nerves capable of producing both the 
sensibility and the movement is consequently es- 
sential, it having been demonstrated both by 


Votta and Munro, that galvanism acts.on the ~ 
nerves:alone. Prarr is of opinion, that the pow- 


erful movements, which are at the same time of 
a considerable duration, can-only take place in a 
muscle amply supplied with nerves. This may 


be 
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be true, observes Rrinuoxp, so far as it relates 
to the muscles which have a simple function to 
perform, or which belong to the same organ ; 
but the proposition is false, if it be extended to 
all the muscles. The experiments made by Hum- 
BOLDT have placed it beyond any doubt; that the 
greatest effeét is invariably produced, when the 
action of the galvanic fluid is determined to se- 
veral very large nerves: With respect to the ir- 
ritable fibre, which appears to be as necessary a$ 
the sensible fibre, in the excitement of galvanic 
movements in the muscles, it is not to be con- 
stantly found in each part of the animal organi- 
zation ; notwithstanding which, in parts. where 
it cannot be met with, in the iris, for instance; 
the movements take place. Hezzenstreir, in 
speaking of other irritable parts of the human 
body, has evidently proved that several of them, 
although entirely divested of muscular fibres; 
swell by the means of the vital force which is 
excited in them. ‘T’o conclude on this head, the 
experiments made by Munro, Humgonpr; and 
Reixnorp, clearly demonstrate that the organic 
union of the nerve with the muscle; is in such 
a degree essential to the contractions, that if the 
muscle be divided at the part where the nerve is 
inserted, all movement will cease, whatever at- 
tempts may be made to bring together the di- 
vided portions. 

a2 The 
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The vital force is also, in an animal, one of 
the conditions without which no suceess can be 
obtained m galvanic experiments. But as its de- 
rees and modifications are innumerable, so must 
the diver sity of the galvanic phenomena which: 
result from its excitement, be likewise very great. 
ReINHOLD enters into’ a variety of details relative 
to the Mature, cause, and” descriptions of these 

modifications. After having defined the incita- 
bility of a living and organized animal part, that 
ts, ‘the faculty by which this part, being itself im- 
pelled to incitabiliiy, re-aéts according to the laws 
of tts organization, and of its nature, more espe- 
cially in the operation of galvanism, he observes 
that it may be changed in. two ways, by exalta~ 
tion or by depression, by which two descriptions _ 
ef it are established, the one regina and the — 
other artificial. e 

The next consideration into flit REINHOLD, ; 
enters, is the incitability exalted by a naturak ~ 
mode, whether physiologically or pathologically: 
The incitability, when physiologically exalted, may q 
have several causes, and several differences, de- — 
rived from the nature and organization of the ani~ 
mals, according to the different classes to which — 
they belong. Of these classes there are several. | 
which have been considered as less incitable tham — 
the others, because we are not as yet fully ac- 
quainted with the means of preparing them for ~ 

the | 
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the experiments, which, on that account, do not 
succeed so well. The sex of the animals also oc- 
¢asions a difference, the female frogs being, ac- 
cording to Humponipr, more incitable than the 
males. Rzeinuoip has noticed the same sin- 
gularity, as well in these animals, as in birds and 
fishes. .It may be added, that an equal degree 
of incitability does not exist in every part of the 
same animal. . Voura asserts, that the effects of 
galvanism are less apparent in animals of large 
<limensions, on this account; that there is a more 
extensive distribution, im their.case, of the gal- 
vanic fluid. He affirms, that the only animals 
which are susceptible of galvanism, are those 
that have their extremities articulated by flexor 
muscles, and distinét nerves. Prarr, whose 
only mode of estimating the degree of incita- 
bility, is by the time during which it is perceived, 
4s of a contrary opinion, and insists that large 
animals are more incitable than those of the 

smaller tribes. | | 
Reinnoxp demonstrates, by several examples, 
that this faculty does not subsist at all times, and 
atallages. Young animals are more incitable than 
old-ones; insomuch that the experiments made 
on the former, when recently killed, are often 
suecessful, while those made on the latter fail 
altogether. It is true, that the galvanic pheno- 
mena which do not require a great degree of in- 
a3 citability, 
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citability, are of a longer duration in aged ani- 
mals. The class of ampAibti, after their winter 
sleep, are very incitable. Frogs are less so than 
usual during the months of June, July, and Au- 
gust, when the incitability is feeble and blunted. 
A tranquil existence also diminishes the incita- 
bility, which an a¢tive life, on the other hand, 
augments. That it is also influenced by climate, 
has been demonstrated by Humsoxtpr, who ob- 
serves that Italy is more favourable to galvanic 
experiments than Germany. 

‘Lo form a precise opinion of the incitability of 
animals after death, regard must be had to. the 
time which has elapsed after the animal has been 
killed, seeing that, on this head, great differences 


depend on the longer or shorter duration of this 1 


space of time. Instantly after their death, REIN- 


HOLD tried a variety of experiments on young and 
aged animals, killed at the same time, and in the | 
same manner, and repeatedly noticed that, in the 4 
case of the former, the movements were more ~ 


impetuous, but of a shorter duration; while, i 


that of the latter, however feeble they might be, } 
they continued for a greater length of time. He | 
consequently infers that the young animals were 
‘more incitable immediately after their death; but _ 
that the aged ones continued longer in a state of ' 


incitability. 


Fow1sr was the first to remark that the me 
flamma- 7 
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fammation of any given part exalts its inherent 
incitability. Reri~netp observed the same phe- 
nomenon in the instance of the thigh of a frog, 
which became inflamed two days after it had been 
wounded with a knife. The contractions, how- 
ever, soon ceased. He made several experiments 
on ophthalmias and venereal ulcers, with a view to 
ascertain the influence of diseases in the modifi- 
cation of this faculty. As the could mot come te 
any direct conclusion on this head, he forbears 
to enter into any detail relative to the result of 

his observations. — | 
He also made, as well as Vai, Votta, Fow- 
LER, CALDANI, CREVE, ScHMuCK, CavaLto, and 
PrarrF, a considerable number of experiments on 
the species of incitability that may result from 
the kind of death to which an animal is subjected. 
‘These experiments convinced him that the inei - 
¢ability is invariably the same, whether the ani- 
mals be strangled, or drowned in any fluid what- 
ever, spirit of wine excepted; or the head either 
veut off or crushed; or the body cut and divided 
in various directions; or, lastly, if, as Vorra has 
done, they be killed by plunging a needle into 
the medullary substance. It is true, that the in- 
citability which is, in these instances, manifested, 
differs according to the quantity of blood that 
has been spilled, and to the more or less sudden 
nature of the death; the animals which have los¢ 
a4 the 
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the smallest portion of blood, or which have been 
killed suddenly, being more incitable than the 
others. ‘Those that have perished in a muriatic 
oxygenated air, seem to be the most incitable, 
Among those that had been poisoned, Rernuoitp 
did not find a.single one, which, after its death, 
was more incitable than when living. 

He next proceeds to considér the incitability 
exalted by an artificial mode. The observations 
made by physiologists on this description of in- 
citability, vary considerably, and are for the 
greater part contradictory, more especially as to 
the employment of opium, which is said by some, 
when applied externally to an animal, to render 
it more incitable, while others contend, that it 
does not modify the incitability in any degree; 
and others, again, that it tends to depress itt 
‘This discordance of opinions having urged Rein- 
HOLD to try the effects of opium applied to the 
nerves, he found that by bathing a nerve with a 
mixture of an ounce of depurated opium dissolved 
in three ounces.of water, he constantly augmented 
and: exalted, during a certain lapse of time, its 
incitability ; and that an equal quantity of the 
solution, applied to the muscles, had not the 


smallest effect whatever in modifying the irrita- | 


bility.. Huxsonpr made precisely the same ob- 
—_—— Tiaving prepared the phrenic nerve 
a dog, , immediately after the animal’s death, 


in 
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in such a way as that it hung freely in the air, in 
a denudated state, to the length of five inches ; 
and having plunged its extremity in a fluid well 
saturated with opium, the spectators perceived 
not only a general tremulous motion of the part, 
but likewise, as soon as it was metallically coated, 
movements of the diaphragm still more powerful 
than those which the coatings had produced be- 
fore the opium was employed. 

By the latter physiologist we have been taught, 
that the oxygenated muriatic acid, the arsenical 
calxes, and alkalis, more particularly the deli- 
- quescent oil of tartar, when applied to the nerves, 
have the effect of exalting their sensibility in an 
extraordinary degree ; insomuch that a few drops 
of oil of tartar, poured on a crural nerve sus- 
pended in the air, m such a way as that every 
part of the nerve, to its insertion in the muscles 

was moistened, excited in the limb tetanic con- 
- yulsions, 

Authors are much at variance relatively to the 
question, whether the movements can be re- 
excited by moistening the nerve with water. In 
his experiments on frogs, RerwHoxp frequently 
succeeded in resuscitating the languid movements, 
by the means of a few drops of distilled water 
poured on the nerve, while it was still in a moist 
state, and free from discoloration. He contrived 
in such a way as that the water, in falling on the 
nerve, which he held perpendicularly for that pur- 


pose, 


934 REINHOLD’S REVIEW OF GALVANISM. 


pose, should bathe it in every part. To remove 
every suspicion of any floating particles of the 
galvanic fluid, he laid the nerve on a very dry 
wlass, before he repeated the galvanization. ‘The 
movements which are excited in this manner, 
either cease altogether, or, at the least, become 
very feeble, if the water simply moistens a point 
of the nerve, instead of being distributed to every 
part of it, in its progress to the muscle. 
REINHOLD has, as well as many other physio- 
logists, been convinced that galvanism itself aug- 
ments the incitability of animals. After several 
feeble movements, he frequently found that others 
of a powerful nature supervened in a very unex- 


pected way. He observes that they cannot, ac- _ 


cording to any strict mode of reasoning, be as- 
cribed to a state of repose, experience having de- 
monstrated that the galvanised thigh of a frog, 
or other animal, displays weaker movements in 

proportion as it has remained longer in a state of 
: repose, and without incitability, &c. &c. 

The next consideration is the incitability de- 
pressed by a natural mode, whether physiolagi- 
cally or pathologically. As almost all that con- 
cerns the former description, the physiological 
depression, flows from what has been already 
said on the subject of incitability physically ex- 
alted, there remains but little to be added in this 
place. There are animals on which, on account 


. | of 
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of the idiosyncrasy peculiar to them, the incita- 
bility of galvanism does not act. Of the very 
considerable number of frogs disseéted by Hum- 
BoLDT, he found about eighty in this predica- 
ment. Reinuoxip, by whom about two hundred 
of these animals were subjected to galvanic expe- 
riments, found one only which was insensible to 
the operations. It is the same with the human 
race: but whether this depends on the state of 
the body; on the approach of puberty ; on the 
particular state of women at certain crises ; on 
their pregnancy, &c. are points which have not 
been hitherto decided. It has been observed both 
by Fowxer and Cavattzo, that the operation of 
the will may likewise have its share of influence 
in galvanic experiments. 

With respect to the incitability pathologically 
depressed, the effects are dire¢ét and more sensi- 
ble. The mechanical injury of the nerves and 
muscles, does not diminish this faculty in any — 
particular degree ; a remark which also applies to 
their division and dilaceration. This is so truly 
the case, that the muscles, when cut into very 
small frazments, and the nerves, when divided 
into very slender filaments, re-act on the galvanic 
fluid by which they have been incited. Beriine- 
HIERI was the first physiologist by whom these 
movements were perceived. After having di- 
vided the crural nerves, at their egress from the 

spinal 
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spinal marrow, and separated them into filaments 
of about an inch in length, he laid these filaments, 
together with the animal itself, on a piece of 
dried glass, and placed between them a lamina of 


silver. Ihe movements ensued ; but ceased as 


soon as he substituted to the metal an insulated 
substance, 

Independently of the similarity of the observa- 
tions made by naturalists, relatively to the nerve 
bound by a ligature, and the divided nerve, it has 
also been remarked, that the incitability subsists 
much longer in the part which is organically 
united with the. divided nerve, than in the one 
the union ef which with the nervous system has 
been preserved in an entire state. This has been 
evidently proved in the lower extremities, m the 
case of which, when the crural nerves haye been 
divided, the, movements have been of a much 
longer duration, than when these nerves were 


jeft without injury.. The incitable faculty still. 


subsists after the artery has been tied or dissected, 
but ceases much sooner, under these circum- 
stances, than when no such operation has taken 
place.,, Its effects, are also diminished much ear- 


licr. im. the part tin which the artery has been | 


wounded, than in the one in which a similar in- 
jury has, been done to the nerve. It. is depressed 
in diseases, as has been naticed by Humgotpt, 
who obtained evident proofs. that galyanism does 

| 3 not 


nw lise meal 
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‘not aé&t on persons afflicted by rheumatism. 
Remnnotp mentions his having ineffectually 
coated, with the most:suitable metals, the tongue. 
of those who were tormented by rheumatic pains, 
and who acknowledged that they were not sen- 
sible of any particular taste in the palate. He 
adds, that there are certain kinds of death by 
which the incitability is depressed ; and, on this 
head, adverts to the observations made by seve- 
ral very respectable authors, to prove that it is 

entirely destroyed in animals killed by gangrene ; 
by hunger; by an exposition to sulphuric va- 
pours; by immersion in water heated to the 

ninety- -sixth degree, and upwards, of Fanren- 
wErt’s thermometer; by water in a congealed 
state; and, lastly, by the shock of accumulated 
ele&tricity. The irritability of animals is also 
diminished when their death is occasioried by an 
exposure to the exhalations of tainted flesh ; to 
those of the nitrous gas, or to the smoke of to~ 
bacco. Poisons, and the other causes of the dew 
struction of animal life, produce the same effec. 
The subject of irritability depressed by an arti- 
ficial mode, is next treated by Rernuonp. The 
acids, more particularly when concentrated, spirit 
of wine, and oil of tartar, poured profusely on the 
nerves, together with the solutions of nitre and 
opium, and certain spirits poured on the tongue, 
are the artificial agents employed to diminish the 
incita- 
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incitability of animals. It has also been noticed 


by Fowxer, that the muscles are deprived of 


their irritability, by keeping them for some time 
Immersed in water, after the integuments have 
been removed. Canpanr makes the same obser- 
vation relative to the effect of the esseritial oils 
of plants, poured on the muscles in a denudated 
state. Of all the gaseous fluids there is nat any 
one, with the exception of what is denominated 
by the French chemists carbonated hydrogen gas, 
which is destructive of incitability. The authors 
who have adverted to this circumstance, have not 
been able to ascertain whether the latter gas acts 
on the muscles or on the nerves. 

In speaking of the means by which the inecita~ 
bikty 1s modified, Rerwnonp observes, that he 
has abstained from dividing it into the incitable 
faculty inherent in the sensible fibre, and that 
which belongs to the irritable fibre. He has 


avoided expatiating on each of them separately, be-_ 


cause their nature is not as yet sufficiently known, 


and because it is extremely dificult to demon- 


strate that the substance which is employed adts: 
rather on the one than on the other, physiolo- 
gists not having hitherto subjected to their trials: 
a muscle deprived of its nerves. The uncer- 
tainty which prevails on this subject, and on seve- 
ral relative ones, together with the discordance 
of the different authors who have written on gal- 

yanism, 
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yanism, have imposed on him a silence which he 
cannot forbear to regret. 

In his sixth section, in expounding the condi- 
tions which are essential in the arc, he considers 
whether it is always necessary, and what are the 
parts of the animal it ought to touch. The gal- 
vanic phenomena which have been already dis- 
cussed by him, he observes, are exclusively ma- 
-nifested in the parts of animals, either connected 
together by an organic union; or reaching to, 
and touching each other ; or, lastly, united in a 
similar manner to each other, either by other 
animal parts, separated from the body, or by 
non-animal substances, with which they form an 
arc. This the reader must already have seen ; 
and must also have noticed, that when certain 
substances enter into the composition of the arc, 
the effect it was intended to produce either ceases 
altogether, or becomes subject to great variations, 
in proportion as these substances are displaced. 
These observations have given rise to several 
questions, among which are the following. Whe- 
ther the arc is constantly necessary to the pro- 
duction of the galvanic effeis? What is its na- 
ture ? What substances are the best calculated 
for its formation ? And, lastly, how is it formed 
by them ? . 

With the exception of Humzoipr, physiolo- 
gists have asserted that the arc is rigorously ne- 


cessary, 
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cessary. The former has, however, proved by 
his experiments, that, without having recourse 
to it, the galvanic movements can be obtained. 
This skilful experimenter, in the case of incita- 
ble frogs, excited -contraCtions, by touching, at 
a given point, a metallic substance laid on the 
crural nerve, with another homogeneous or 
heterogeneous metal. The contractions became 
more violent when the former of these sub- 
stances was forcibly struck by the latter; but 
ceased when it was struck by a non-conducting 
body. To remove every suspicion of the forma- 
tion of an arc, which, by the means of the cir= 
cumambient air, might have introduced into the 
nerve the fluid emanating from the metal brought 
in contact with the nervous coating, Humpotpt 
laid over the metals a bell-glass, from which he — 7 
excluded the air by the means of oil, taking 
care to apply it more particularly to the part 
where the iron wire, by which the metals and the 
animal were respectively united, passed out of 
the glass. On this occasion the galvanic move- 
ments were displayed as evidently as before. 

It is true, that Mrcuaxrris has expressed his 


doubts relative to the aboveexperiments; buthe | 


appears rather to wish to put those who should 
repeat them on their guard, than to aim at a re- 
futation. THe suspects the existence of an arc, 
without its having been perceived by HumpBoupt ; 


in 4 
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in reply to which the latter demands, why the 
movements are not perceived unless when the 
metallic substance is made to strike against the 
coating? and why these movements cease, when, 
instead of the piece of metal, a substance is em- 
ployed which has not the faculty of condu@ing 
the galvanic fluid? With respect to the expla- 
nation he gives of these phenomena, as it is 
liable to several objections, so it is successfully 
combated by Rernuoxp, who does not, however, 
offer a better one of his own. 

With regard to the parts of the animals which 
are held by physiologists to be essential in the arc, 
a great difference of opinions has been enter- 
‘tained. According to Ganvant, and those who 
have followed him in explaining the galvanic 
phenomena by the analogy of the Leyden phial, 
it is required that both the muscle and the nerve 
should be comprehended in the arc. This opi- 
nion, which has been most tenaciously supported 
by Power, has been demonstrated by Prarr to 
be void of any foundation. The latter has shew n, 
by an experiment, that when the nerves alone 
are coated, the movements still ensue. Many. 
of the most celebrated physiologists have, ac- 
cordingly, embraced his opinion. 

The parts which constitute the arc, ee 
with their nature and their forces, next engage 
the attention of Rernuoip. The arc, he ob- 
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serves, is formed of four parts, namely, of the 
animal, of the two coatings by which it is touched, 
-and of a condu¢ting substance by which the coat - 
ings are connected with each other. Votra, in 
dividing into two classes all the substances which 
are employed in galvanism, that is, into those 
-which are dry, and those which are moist, was of 
opinion, at the commencement, that the former 
excite and give motion to the electricity, while 
the latter are merely endowed with a conducting 
property. Having become, afterwards, better ac- 
quainted with his subject, he allowed that both 
the classes are alike possessed of an exciting 
power. Reinuoxp differs from Vorra, and from 
Humsoxpr, in denominating rings, or interme- 
diate and conjunctive parts, the substancés which, | 
-being united, form the arc, or chain, as it is 
called by Humsontpr. He employs these terms 
because they appear to him to denote the sub- 
stances in question, instead of being purely 
theoretical. | 
The physiologists who were the earliest to en- | 
eage in galvanic experiments, divided the dif- 
ferent substances ‘into three classes, according to — 
their virtue and force in the excitement of the — 
phenomena. ‘These substances were arranged in 
the following manner. In the first class were 
eomprehended those which, being’ united to- 
ecther, produce the ordinary effects, and which) 
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were consequently called exciters. In the second, 
those which, being made to supply their place in 
the arc, do not, in reality, excite the galvanic 
phenomena, but, at the same time, offer no ob- 
stacle to their manifestation. As these sub- 
stances transmit the galvanic fluid, they were 
denominated condufors. The third class com- 
prehended the substances, which, being inac- 
cessible to the above fluid, at the same time that 
they support it on its way, destroy the whole of 
its effect. ge 7 
- ‘This division was afterwards subjected to several 
variations and additions. The earliest writers on 
‘.galvanism had comprised in the first of the classes 
metallic substances only; but charcoal carefully 
-burned, semi-metals, several metallic calxes, cer- 
tain stones and ligneous substances, together 
with fluids, have since been added. The em- 
ployment of these different substances has been 
greatly varied, according to their combination, 
and to their application, whether to the muscle 
or tothe nerve. It would be extremely difficult 
to lay down any precise rules on this head, it be- 
ing certain that the effect is very different under 
particular circumstances, and depends on the 
-metal which is employed to unite the humid 
coatings. On this subject Vora remarks, that 
. silver and iron have never produced any effect, 
‘without the intervention, in the case of the 
RQ former, 


944 REINHOLD’S REVIEW OF GALVANISM. 


former, of a solution of sulphurated kali, applied. 
to the nerves, at the same time that the muscles 
were moistened with water; and, in the case of 
the latter, of a similar intervention of the nitrous 
acid and water. Reinnonp, by whom the same 
observation was made, found by his experiments, 
that the metals which are the most efficacious 
when applied to the nerves, are also the best cal- 
culated for the union of the humid coatings. He 
leaves to others the explanation of the cause from 
whence this faculty originates. 

The discordance of authors relatively to the 
substances which are inaccessible to the galvanic 
fluid is very great. ~Voura, for instance, allows 
ice to be a conductor of this fluid; while Vanni, 
Fow er, and Humgotpr, seem to have demon- 
strated that it does not possess any such quality. 
The latter has even gone so far as to prove, that 
the bones of animals, attenuated air, the fame 
of a burning substance, and idio-electric bodies, 
such as sulphur, amber, and glass, in an inflamed 
state, are conductors of electricity, but not of 
the galvanic fluid. It is the same with vapours, 
metallic calxes, stones of several kinds, metallic 
salts, plants, persons labouring under rheumatic 
affections, oil, resins, gums, fat, and dried soap. 
This observation equally applies to atmospherical 
air, which, being either attenuated or condensed, 
can never be made to conduét the galvanic fluid; 

but 
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but which, on the other hand, being interposed 
in the formation of the arc, destroys all the effect 
of the galvanic operation. This has been demon- 
strated by several experiments. 

Physiologists have been much engaged in di- 
vining the cause why, among the different sub- 
stances which have been tried, some have ap- 
peared very susceptible of the galvanic influence, 
others less so, and others not in the smallest de- 
gree. Rernuo xp recapitulates the different sen- 
timents of authors on this head, and dwells par- 
ticularly on the opinion of Humsoxtpt, who ob- 
serves that the galvanic virtue of substances is to 
be exclusively sought in their electric faculty. 

In discussing the modifications of the galvanic 
forces, resulting from the chemical mixture by 
which a change is wrought in substances, Rein- 
HOLD divides into three classes the changes of 
this description. The first consists of those 
which derive their origin from the nature of the 
bodies, in which a change is brought about in 
consequence of their chemical mixture having 
been disturbed. The second class refers to their 
form; and the third to their union in an arc. 
Relatively to the substances of the first class, 
he sets out by speaking of those which are con- 
ductors of the galvanic fluid; and afterwards ex- 
patiates on those which have a non-conducting 
quality. ‘The question, whether the different de- 
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gree of temperature observed in bodies, and which 
is liable to such frequent changes, establishes, or 
not, some difference in the cohesion of the parts, 
has been subject to much dispute. Vorra main-- 
tains that such a difference does really exist ; but 
Fow er and Prarr are of a contrary sentiment,’ 
assigning to metals in a heated state, powers si-’ 
milar to those, the temperature of which has 
not been’ changed. Humsotpr reconciles these 
different opiions, by observing, that the degree: 
of heat which arises from the combustion of me- 
tals, is not in reality sufficient to change their | 
nature, but that, when they are only slightly 
heated, this ceases to be the case, it being demon~ 
strable that they are then possessed of a greater 
energy. Rernnoip -had occasion to notice the: 
truth of this observation ; for, having applied, 
according to the prescribed mode, and at the 
same time, to several equally incitable frogs, zinc 
and tin heated to the same degree, he occasion- 
ally observed a kind of sportive action between 
these metals, insomuch that, either successively 
or nearly so, the one had the superiority over 
the other in its effects. This result was not only 
obtained by the means of heterogeneous metals, 
but likewise, on two occasions, by a recurrence ta | 

a lamina of zinc, divided into two parts. 
His experiments relative to the changes of the 
forces of metals, by the friGiion of certain bodies, 
more 
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more especially when moistened, are equally cu- 
rious and interesting, as they demonstrate that a 
metallic coating, when very slightly touched by 
another metal, and that at a single poimt only, 
takes the nature of the latter substance. Hum- 
BoLpDT obtained the same result, by connecting 
with the homogeneous coating of the muscle, at 
another point, and at a very considerable distance, 
a bit of silver, with which he touched, slightly, 
and at a single point, a piece of zinc. As a proof, 
according to Rernno3p, that, in this experiment, 
the silver had in reality assumed the nature of 
the zinc, he observes, in the first place, that the 
lamina of silver, which had not previously excited 
any contraction, excited very powerful ones, 
when, its two extremities, having been rubbed by 
the zinc, the muriatie acid with which the mus- 
cles were coated, was united with the deliquescent 
oil of tartar placed beneath the nerves; and, 
secondly, that the above lamina of silver, being 
brought in contact with the nerves, produced 
very powerful movements ; but was not produc- 
tive of the slightest contraction when it was ap- 
plied to the muscles. From whence these effects, 
as well as several others which Rerwmo xp recapi- 
tulates, originate; and how a metal which is 
touched receives the influence and the energy of 
the metal which touches it, are questions which 
have not been defined, any more thanthechangesof 

R4 the 
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the powers of the exciting arcs, when blended 
~with each other. 

The influence of the form of the exciting arcs 
on the galvanic phenomena, is next considered by 
ReinHOLD, who denies that the faculty of chang- 
ing the effects can be assigned, as Fow er as- 
serts, to the thickness of the exciting arcs. It 
has been, he observes, experimentally demon. 
strated, that a metallic substance, covered with 
a heterdgeneous plate of metal, produces, in gal- 
vanic processes, merely the forces inherent in the 
metal which is employed as a covering, Those 
who contend that, in proportion to the size of 
the coatings, the galvanic phenomena are re- 
markable, have been also led into anerror. It 
has been clearly proved, both by Gatvanr and 
Humsoupt, that the greater or smaller dimen- 
sions of the coatings of the nerves, have no de- 
gree of influence in changing the galvanic phe- 
nomena. . | } 


On the subjeét of the different galvanic phe- 


nomena produced by the diverse arrangements of 
the arc, Rernnoxp is of opinion that the changes 
which result from the assemblage of the sub- 
stances formed into an arc, spring from two 
sources, the first of which consists in the place 
where these substances are stationed in the arc, 
and the second in the mode of arranging them. 
He thinks that the arc ought to be so prranged 

as 
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as to embrace the nerve itself; and that it should 
be entirely composed of exciting substances, with- 
out being intercepted by any non-exciting body. 
The mode of distributing the two coatings in the 
arc is by no means indifferent: or, in other 
words, it is not the same thing to place one of 
them beneath the nerve, and the other beneath 
the muscle, or to follow, in stationing them, a 
contrary order. According to the observations 
of the most skilful naturalists, any exciting sub- 
stances whatever, whether dry or moist, are ex-. 
tremely efficacious when one of them is applied 
to the nerve, and the other to the muscle. As 
soon as they are brought in contact, or united 
with other exciting substances, very singular gal- 
vanic phenomena are displayed. But when they 
are disposed in a contrary order, these pheno- 
mena either cease, or are diminished in a greater 
or less degree, and do not, in the former case, 
again manifest themselves until the coatings are 
reciprocally withdrawn from each other. It has 
not hitherto been discovered to what cause this 
characteristic off exciting substances is to be 
ascribed ; and, indeed, physiologists are not as 
yet agreed as to their mode of action, Voura. 
asserts, that the coating applied to the nerve gives 
a forward impulsion to the electricity, which is 
attracted by the coating of the muscle. Bew- 
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weTt’s doubler appears, however, to have proved 
that this cannot be true. 

Rerneoup classes under several heads the arcs 
he employed, and explains his theory by tables, 
which are not inserted here, because the subject 
will be fully explained im the sequel of this work. 
He points out the different descriptions of ares, 
and the form of each of them, to give a compre- 
hensive idea of the effects they produce in gal- 
vanism. After having demonstrated the mode m 
which the effect is changed, by the places which 
the different substances occupy im the arc, he 
shews how it is also changed by the manner of 
connecting the different substances. He observes 
that, should there even be a deviation, in re- 
peating his experiments, from the rules he has 
laid down, they would, nevertheless, be attended 
by a successful result, seeing that it is of little 
importance whether a long or short, thick or 
thin, compound or simple, connecting body, be 
employed. It 1s equally unimportant whether 
the dry coatings, whatever their dimensions may 
be in length or, in thickness, "be contiguous to 
each other, or to the connecting body. But on 
the other hand, when humid coatings are em- 
ployed, the effect constantly decreases with their 
augmented length. Several instances of very 
long arés have been given by different authors, 

who 
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' who have proved that the galvanic fluid is con- 
ducted equally well by arcs formed of animal 
parts, or entire animals, superadded to the. coat- 
ings; by a single person, or by several ; -by very. 
long wires of different metals ; by very long hu- 
mid cords ; and by very abundant fluids. ALDINE 
has employed cords of two hundred and fifty feet 3 
in length. . 
ReEINHOLD, who is nagyehen that he may. 
be accused of having, m speaking of the move- 
ments, confounded those which arise from the 
sensations, observes that he is, in common with 
many other naturalists, persuaded that they are 
derived from the same source with the other 
movements, insomuch that what has been said 
of the one description may be applied to the 
other. In support of this doctrine he brings for- 
ward the following proofs: In the first place, 
that they both originate from the same condi- 
tions, and are excited by similar substances, ap- 
plied in the same manner to the same animal, 
Secondly, that whatever deranges either of them, 
produces a change in the other. And, lastly, 
that they frequently take place at the same time, 
by the means of the galvanic apparatus, in the 
same animal, and in the same organ. He after- 
wards enters into a brief exposition of the parti- 
cular forms of the arc by which the galvanic 
pheno- 
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phenomena are alike produced in each state of 
incitability. 

Researches have been made by Humsotpr, to 
ascertain whether, when the arc has been formed 
in any given part of an animal, the galvanic phe- 
nomena might be produced by the means of ano- 
ther are established in the same part. He is not 
only convinced that this may happen,. but also 
that the second arc, if formed of more efficacious 
substances, would predominate over the first. 
ReEINHOLD observes, that he has not, in every 
instance, found it necessary to recur to more 
powerful substances ; and that, by employing a 
second arc, composed in the same way with the 
first, he has frequently given birth to new com- 
motions, &c. After repeated experiments on 
this subject, with two arcs of a different nature, 
it has been demonstrated that the movements 
have been excited, sometimes with the one, and 
sometimes with the other, according to the cir- 
cumstances. 

The seventh section of RzinHonp’s disserta- 
tions is devoted to considerations on the nature 
of the galvanic fluid, and sets out by an inquiry 
whether this fluid acts on the organized parts of 
animals, after the manner of mechanico-chemical 
stimuli. As there is no one who, after all that 
has been hitherto said on the subject of galvanism, 

does 
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does not comprehend that its phenomena ought 
to be classed among those which ensue when the 
organized parts of animals are put in action; and 
likewise that these phenomena are infinitely more 
active when certain substances, formed into an 
arc, are applied to the animal; the following 
questions will necessarily be asked: What is 
this excitement ? Does it arise from the animal, or 
from the arc? What ts its nature 2 And what are 
the laws it follows? Such are the questions 
which Rernnoxp proceeds to discuss. 

Relatively to the first of them, he defines what 
he calls the agent, the excitement, incitamentusm ; 
and which, according to him, is a body applied to 
a living and organized part, by which this part is 
made to re-aét on itself, according to the laws 
Nature has established. ‘This agency he classes 
under three different heads, mechanical, chemical, 
and mixed. He entitles mechanical the one 
which, being found in the animal in any manner 
whatever, disturbs in a greater or less degree, 
without, however, bringing about a dire change 
in their nature, the situation and natural union of 
the elementary parts, by mechanical powers, by 
their specific gravity, by their mass, and by the 
celerity which this agent communicates to them. 
He denominates chemical agent, the one which, 
being applied to the above parts, acts by its affi- 
nity with their constituent elements, and which 


some- 
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sometimes affords products, sometimes subtrac- 
tions, and sometimes both. The mixed agent he 
makes to consist of the combination of the two 
preceding ones, when, in consequence of the de- 
rangement of their parts, they operate, either by 
mechanical, or by chemical forces, according to 
their nature ; and when the parts, disunited by 
these forces, are subjected to the one or to the 
other of the particular changes, which may some- 
times be called mechanico-chemical, and at other 
times chemico-mechanical. Agents of this de- 
scription have been entitled by authors physical ; 
but Reinuorp is fully persuaded that the name 
of mixed is better suited to them. 

His next inquiries are, whether the agent by 
which the galvanic phenomena are excited, is pro- 
perly entitled uid; and what is its nature. He 
regards the galvanic fluid as particular, as differ- 

ing from all others, and as having a nature ap- 
“propriate to itself. He endeavours to prove, in 
the first place, that it does not belong to either of 
the kinds of factitious air. Secondly, that it is 
not magnetical, has been evinced by the observa- 
tions of Fowrer, Creve, Prarr, and Humpotor, 
who have found that, in galvanic experiments 
made with the magnet, no other effects were 
produced on the animal than those which are 
brought about by a non-magnetized iron. Lastly, 
the great majority of naturalists have considered 


the 
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the galvanic fluid as identical with the electric 
fluid, and have conjectured it to issue, according 
to some, from the animal, and according to 
others, from the arc. Several of them assign 
its cause to common electricity ; and others to a 
inodified electrieity, changed in the animal by 
the vital force. After having detailed the. rea- 
sons and experiments on which the similitude 
and the relation of the galvanic and electric fluids 
are established, Reinuoxp relates those also, of 
an equally powerful nature, by which this simi- 
litude and this relation, are destroyed.. He 
shews that the laws by which the galvanic fluid 
acts, are very different from those followed by 
electricity ; and concludes, with Humpoupr, that 
_as the galvanic fluid, when compared with the 
electric fluid, has its accordances and its diffe- 
rences, there are elements which, by a kind of 
mixture and intermarriage with each other, 
sometimes produce the electric fluid, sometimes 
the magnetic fluid, and at other times the gal- 
vanic fluid. 

Whether the galvanic fluid is secreted in-the 
animal, is next considered. Rerwuoxup deduces 
the proof that this fluid flows from the animal, 
from the circumstance of the contra@tions ex- 
cited when an animal part unites the muscle with 
the nerve. ‘These contractions also ensue when 
the dissected nerve 1s brought un centact with 
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the part to which it belonged; and this likewise 
happens when the muscle has been gently brought 
over the nerve with which it is organically united, 
without the process being attended by a dis- 
charge of blood, or of any other humour. These 
experiments, in the opimion of RErInHOLD, are 
calculated to remove every suspicion that the 
fluid is not innate in the animal organization. 
He observes that it differs according to the class 
and nature of animals, and that its secretion be« 
longs exclusively to animated beings. The gal- 
vanic fluid accordingly appears to be formed, in 
the body of animals, of elements calculated to 
excite in the nerves motion and sensation. It 
has been ascertained by the observations made 
by naturalists, that each organ has the faculty 
of secreting the fluid necessary for the exercise 
of its functions; but that the nerves alone, and 
not the other parts of animals, possess the power 
of secreting the galvanic fluid. If, however, 
attention be paid to the effects which result frorm 
the combination of the irritable fibre with the 
sensible fibre, it will appear that the elements 
of this fluid are constantly and invariably the 
same. It may indeed be modified to such a 
degree, as to lead to a conjecture that when it 
resides in the muscle, it deviates m some mea- 

sure from its primitive state in the nerve itself. 
All those by whom galvanic experiments have 
been 
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been made, have acknowledged that the galvanic 
phenomena are modified by the application of 
the arc to the animal. Rernuotxp directs his in- 
quiry to the mode in which this is effected. How- 
ever fully he is persuaded of this modification in. 
the arc, he expresses his doubts relative to the 
quality which has been changed ; and, without. 
endeavouring to remove this difficulty, proceeds 
to consider the dire€tion of the fluid circulating in 
the arc. It would appear by the galvanic pheno- 
mena, that this direction is invariably the same ; 
for, independently of the savour which remains 
on the tongue, and of the throbbing pain which 
Humsouopr felt three or four times, after having 
applied the arc to parts which had been blistered, 
the painful sensation in question proves, by its 
return, the constant presence of the fluid. So 
long as the application of the are continues to 
be made, the pain subsists, diminishing in pro- 
portion as the incitability is enfeebled, and be- 
coming more acute when this quality is excited 
by the means of oil of tartar. Several experi- 
ments are cited by Rernnoup, which prove that 
the galvanic fluid does not possess the same fa- 
culty of excitement throughout the whole extent 
and compass of the arc. ‘They also demonstrate 
that this fluid may proceed in the nerves in an 
ascending, as well as ina descending direction ; 
but that, as it descends with greater facility, the 
wou. 1. 8 galvanic 
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galvanic phenomena are‘most powerful when that 
route 1s followed. 

In the recapitulation of his opinion of the 
galvanic fluid, Re1nHoxp enters into an explana- 
tion of several of its phenomena, and, among 
others, describes the mode in which the nerves 
act, in the production, of movement and sensa- 
tion. He also points out the manner in which 
the contractions take place, in an organized part . 
extracted from an animal, and prepared accord- 
meg to the method which has been deseribed ; as 
well as the cause of the galvanic phenomena that 
ensue, when the coatings are reciprocally with- 
drawn from each other. After having entered 
ito several explanatory details relative to the 
experiment of the ligature made on the muscles 
of frogs, and to the application of the coatings, - 
he concludes the present section by the following 
observation, with which he endeavours strongly _ 
to impress his readers; that the galvanic fluid, if 
its existence be granted, is of a@ different nature 
from the eleétric fluid, and that it is exclusively 
supplied by animated beings. 

The subject of the eighth and last section of 
RernHoin’s Dissertations, consists of the ex- 
position of the hypothesis of different authors 
on the galvanic fluid. These hypothesis he. 
brings into two classes, as they relate to the seat 
which is assigned to the cause of the pheno- 

mena. . 
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inena. , The first of these classes belongs to the 


animal .which, is .to..be galvanized; and. the se- 
cond to'the substances applied to its. bedy; or to 


‘the arc. As the galvanic phenomena. are ascribed 


by several physiologists to eleCricity, Rernnozp 
makes a new division, relatively to the opinion 
of those who assert that the galvanic and electric 
fluids are the same, and of those who are per- 
suaded that the former differs from the latter. 
Under the first head, or division, he ranges GaL- 
vANI, ALDINT; VaLir, Corrapori, VorTa in the 
early time of the discovery, Scumucx; Vorer, 
and Hurrtanp; and under the second, Fow- 
ier and Humzotpr. Of the latter division he 
makes subdivisions, in the first of which he 
comprehends Vorra, Prarr, Weius, Yeuin, 
and Monro; and in the second, Creve and 
Fasronr. The other authors not having 
openly avowed their opinion, he passes over in 
silence. 

It is not necessary for us to follow him j in the 
exposition he makes of the sentiments of the 
above authors, because, in continuing to give a 
particular account of their works, we shall speak, 
at the same time, of their doctrine, and of the 
different hypotheses they have entertained re- 
latively to the nature of the galvanic fluid, as 
we have already done in the case of Gatvant 
and others. ‘The analysis we have made of the 

$2 very 
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very learned dissertations of Retnuoxp, will lead 
to a thorough comprehension of what is to fol- 


low, in the subsequent parts of the History 
or GALVANISM we have undertaken. 


CHAP. 


(203. 


PART ff, 
CHAP. IX. 


On the irritation of the muscular filbre—Relation 
between galvanic irritability and incitability— 
Galvanic experiments made on the different 
classes of animals with various substances— 
Letter of Vassartt Eanpi on the phenomena 
of the torpedo. | 


THE production of the celebrated Hum- ° 
BOLDT, entitled ‘* Experiments on Galvanism, 
and, in general, on the Irritation of the Mus- 
cular and Nervous Fibres,’’ comes next under 
consideration. The frequent references which 
have been made to the researches of this na- 
turalist, must have inspired our readers with a 
wish to become fully acquainted with a work of 
so distinguished a merit. | 

The appellation of galvanic phenomena. has 
been bestowed on the property, observed in the 
nerves of animals, of being irritated by metallic 
substances, by substances containing charcoal, 
and even by the contact of living organs. By 

s3 this 
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this irritation the very manifest contractions and 
movements in the muscles, or in the organs pro- 
vided with muscular fibres, aré’excited, when.the 
parts in question are subjected to galvanic ex- 
periments. The @réatést “advantage wnich has 
been hitherto derived from this irritation, when 
employed in the examination of the structure of 
insects and worms, consists in the discovery of 
‘a nervous system, before: unknown, in several ef 
‘these animals. ; | 
If it would. Be | a vain pretension to attempt 
to explain, ‘by the influence and effects of gal- 
“yanism, all the phenomena of the nervous sys- 
tem, it is, notwithstanding, incontestable, that 
this discovery has contributed essentially to the 
tknowledee we bad already acquired relatively to 
the nerves. ‘ It has done still more, by supplying 
“us with the happy idea of its application to. me- 
‘dicines an idea founded on its having been some- 
‘times successfully employed in restoring to life 
“animals apparently dead from asphyxia. The dif- 
‘férent agents: calculated to sproduce, on the 
nervous: aétion, any influence whatever, must 
naturally excite the attention of physiologists 
end medical men. It is now placed beyond the 
“reach of ‘any doubt,. that galvanism is one of the 
most powerful agents of this description. 
Tn this publication before us, Humeoxpr sets 
out by developing the results of his experiments, 
| | | 3 and 
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and by giving an exposition of the simple and 
- convenient forms by which he has contrived to 
express them with all possible brevity. The 
principal basis of these forms consists in the well- 
founded distinction of substances, so far as they 
‘relate to galvanism, into exciters, consisting of 
metals in general, as well as all substances which 
contain charcoal; and into conductors, compre- 
hending humid substances of every description. 
At the time when Humzoupt’s work appeared, 
its author had already obtained from his expe- 
riments the fullest conviction that the effects 
of galvanism are not ascribable to eleétricity. 
He accordingly attributes them to a fluid inhe- 
rent in living animals, which fluid he conjectures 
to be analogous to magnetism and electricity.. 

The earliest experiments undertaken by M. 
Humpoxtpr were made in the presence of M. Ven- 
unt, Professor of Natural Philosophy at Modena, 
and several medical students. The brain and 
spinal marrow of several frogs having been denu- 
dlated, and tlie animals properly armed, powerful 
contractions were produced, by the application 
of the galvanic arc, in the muscles of the thorax 
and abdomen, together with slight contractions 
of those of the thigh, . Violent convulsive move- 
ments of the eyes were at the same time per-. 
ceived. The diaphragm, a muscle which is in 
all cases extremely sensible to galyanic irritation, 
s4 was 
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was also powerfully contracted. As soon as the 
femoral and sciatic nerves had been irritated, 
violent contractions were produced: in the thigh. 
The experiments on the heart and stomach were 
attended by but little effect. When, however, 
they were made on the heart of a dog, separated 
from the animal, and which had ceased to con- 
tract, the contractions were, in a certain degree, 
renewed ; and, in the case of the stomach, a 
feeble motion was induced in the parts touched 
by the zinc. These experiments were afterwards 
repeated with pretty nearly the same results. 

_ As the efficacy of the different substances cal- 
culated to bring about the galvanic phenomena, 
and the modifications they induce, had attracted 
the attention of naturalists much more than the 
‘effects of galvanism itself on the animal economy, 
Humsoxpr determined to direct his experiments 
more particularly towards that aim. The cause 
of galvanism appearing to reside in the body of 
living animals, and to be merely excited to action 
by extraneous substances, he was of opinion that 
the strongest light would be thrown on this sub- 
je& by the observation of the phenomena the 
‘animals should present. Now, seeing that the 
magnetic and electric fluids, which are neither 
peculiar to the living body, nor secreted in its 
organs, as the galvanic fluid appears to be, have, 
notwithstanding, a decisive influence onthe hu- 

man 
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man body, as well in a healthy condition as in a 
diseased state, ought it not to be concluded that 
galvanic researches are equally interesting to the 
‘physician and to the naturalist, insomuch that 
the former has a right to hope that galvanism 
may one day be usefully employed in the cure of 
particular diseases? What has been praétically | 
done on this head by different physiologists and — 
professional men, will form the subject of a fu- 
ture chapter of this work. In the science of 
galvanism, as well as in every branch of natural 
philosophy, facts alone are stable and certain. 

The following are the conclusions drawn by 
Houmeotpr from his early experiments. 

Ist, That the effects of galvanism are almost 
invariably different on the diverse parts of ani- 
mals; and that multiplied and well combined 
experiments on this subjeét may furnish a toler- 
ably correct appreciation of the respective forces 
of the different extensor and flexor muscles. 

2dly, That in animals with warm blood the 
diaphragm is, of all the muscles, if not the most 
powerfully, at least the most easily irritable, it 
being the only one which constantly contraéts 
with violence in the experiments without a chain. 
‘This may lead to a knowledge of the respective 
degrees of irritability residing in the different 
muscles. 
| adly , That the living nerves and muscles are 

surrounded 
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surrounded by an active and sensible atmosphere; 
and that the action of the nerve extends beyond 
the points at which they are distributed. 

Athly, That galvanism is capable of exciting 
movements in the organs which are altogether 
independent of the will, such as the heart and 
stomach. 

Sthly, That the galvanic fluid proceeding from 
an animal with warm blood, may act efficaciously 
on the human nerves. 

Othly, That the galvanic phenomena take 
_ place without the intervention of any external 
body ; which proves that the cause by which 
they are produced resides in the livmg animal 
economy. 

7thly, That these phenomena may be made 
apparent by the means of a chain established be- 
tween two points of one and the same nerve, as 
well as in the organs brought in contact with any 
part of the chain. | 

sthly, and lastly, ‘That by the discovery of gal- 
vanism, anatomists are supplied with the means 
of ascertaining, .in small animals, the nervous 
distributions which are too minute for dissection. 

From a comparison between many of the phe- 
nomena of living bodies with those of dead mat- 
ter, Humszonpt conceived the idea-of institut- 
ing a series of experiments by which vitality 
should be, as it were, subjected to a chemical 

analysis. 
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‘analysis. He thinks it by no means impossible 
to prove that the irritability of the constituent 
parts is not solely ascribable to oxygen, as seve- 
ral modern physiologists have apprehended, but 

that azote and hydrogen contribute greatly to this 
property of the animal fibres, which seems prin- 
cipally to depend on the reciprocal action of these 
different principles. 

The galvanic phenomena constitute his earliest - 
inquiry, because he flatters himself that his expe- 
riments have enabled him to prove incontestably, 
that in these surprizing phenomena the stimulus 
arises in a great measure from the organs, which 
cannot, on that account, be considered as merely 
passive. Laying aside every theoretical preju- 
dice, in mvestigating the subject he has in view, 
he gives such a direction to his experiments, as 
if he meant to prove the very reverse of the hi- 
therto received principles relative to metallic irri- 
tation. . He states separately, and in the order in 
which they presented themselves, the observations 
he made during three years, as well on this sub- 
ject in particular, as on metallic irritation in ge- 
neral. 

_ His attention having been drawn aside by oc- 
cupations of a very different nature, he did not 
think of publishing these observations, until the 
work of our countryman Fow er, on the galva- 
nic influence, enlightened him as to the result of 
his experiments, which he had hitherto appre- 

hended 
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hended to be peculiar to himself, at the sama 
time that similar ones were made by other natu- 
‘ralisis, such, for instance, as the experiment of 
Mr. G. Hunter, of York, which consists in per- 
ceiving the flash of light without any contact of 
metals with the eyes. Humzoupr now began to 
collect all that had appeared on this subject from 
the origin of the discovery, and to compare this 
information with what he had himself observed. 
On reading the excellent production of Prarr on 
animal electricity and irritability, he found, in the 
very considerable number of experiments it con- 
tains, and in the important observations by which 
they are accompanied, results exactly similar to 
those with which his own experiments had sup- 
plied him, notwithstanding a very different mode 
of investigation had been pursued by their author. 
He was now obliged to renew his labours, and to 
suppress the one half of his experiments. By the 
observations of Messieurs Jurine, Picret, ScaR- 
pA, TRALLEs, and VoutTa, in whose presence 
they were made, he corrected his ideas ;_ and their 
refiections conducted him to new researches. 
After having: collected all“ the observations on 
irritation, and on the incitability of the sensible 
znd irritable fibre, he began with the history of 
galvanism, as it led to the other researches. 
Finding it unnecessary to go into any length of 
detail, in penning down his observations, the re- 
sults alone being of importance, he has contented 


himself 
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himself with pointing out the principal ones, in 
a loose way, and in the order in which they pre- 
sented themselves to him. His work is divided 
into ten sections, which, after the introductory 
matter already given in substance, form a kind of 
table of the subjects they discuss, and of which 
the following is a brief, but faithful analysis. 

In the first section the author expatiates, in 
general terms, on the relation between galvanic 
irritation and incitability, and on the different 
degrees of the former, which, he observes, acts 
exclusively on organic parts provided with sen- 
sible fibres. The indirect effects on inanimate 
matter, connected with incitable bodies, have 
not as yet been experimentally demonstrated. 
Humesotpr, with great care, and with an extreme 
attention, caused. the galvanic fluid to pass | 
through coloured liquors, and through other | 
liquors saturated with salt. These experiments 
he repeated with great assiduity, but could never 
observe the smallest alteration in the colour, tem- 
perature, evaporalility, or crystallization of the 
fluids in question, in the chemical combination of 
which he could not perceive the smallest change 
to have been wrought. It did not produce any 
sensible effect, either on the electrometer, or on 
the intermediate rings of the galvanic chain, so 
as to indicate its strict analogy with the electric 
fluid. 

In his investigation of the effects of a metallic 

stimulus 
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stimulus on the irritable and sensible . fibre, 
our author has been very solicitous to ascertairi 
the degree of irritability and incitability, which 
has as powerful an influence on the success or 
failure of the experiments, as the degree of force 
of the stimulus itself. In experimenting, he 
therefore made choice of the most incitable ani- 
mals; and found that the frogs best calculated 
for his purpose were young and vigorous females, 
taken immediately after their winter slumber, and 
fed, together with other frogs, for some days in 2 
warm room. By the help of art he contrived 
to carry the incitability to a higher degree than 
is remarked in the natural state; and.this disco-= 
very is one of the most important he has mades 
By bathing the nerves of animals with a solution 
of alkaline salts, or with the oxygenated muriatic 
acid, he not only obtained results which had not 
as yet been known ; but also noticed phenomena, 
the possibility of which had been denied. . 
The second section of Humgoxpt’s work 
treats of galvanic uritation, as it is produced 
without a coating, and without having recourse 
either to metallic substances, or to substances 
containing charcoal. On this subject he repeated 


the experiment made by M. Corueno, which 


gave rise to the electrical researches of VASSALLE, 
in 1789, and which we have already had occa~ 
sion to notice at the commencement of this work. 
This is followed by the detail of several experi- 

ments, 
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ments, as replete with ingenuity as they are va- 
ried in their construction, by which it is demon- 
strated that, to excite contraCtions, it is not ne- 
cessary to employ either metallic substances, or 


substances containing charcoal, it being sufficient 
to have recourse to moist animal substances, by 


which the excitement is produced. In the de- 
tached thighs of several frogs, HumBotpt brought 
on very powerful convulsions, by, establishing a 
connexion between the muscles and the crural 
nerve, by the means of a small portion of muscu- 
lar flesh, or, what was still better calculated for 
_ this purpose, a portion taken from the crural 
nerve itself. This species of connexion. still 
preserved its energy, when the most powerful 
mechanical stimuli with difficulty produced a few 
slight spasmodic contractions. By these experi- 
ments Humpoipt was satisfied of the truth of 
the law established by Pear relatively to metal- 
lic coatings, namely, that the contractions are 
most violent, when the chain formed by the 
pieces of flesh, terminates at the thigh rather 
than at the crural nerve. 

In the course of the above experiments it was 
remarked, that when the small portion of flesh 
which was employed as a conductor between the 
-erural nerve and the thigh, had ceased to be per- 
feétly sound, the contractions no longer ensued ; 
but were instantly reproduced, when, without 
‘ making 
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making any other alteration, a bit of brass wire 
was substituted to the glass tube by which the 
portion of flesh had been brought in contact 
with the thigh. Notwithstanding the metallic 
part did not, at the above time, enter into the 
metallic chain, it had a powerful influence on the. 
walvanic phenomena. It was even noticed by. 
Humsotpr that contractions ensued when the 
mode of connexion was formed by animal parts 
heterogeneous to the nerves. When he brought 
the crural nerve, detached from the trunk con- 
jointly with the thigh, towards the latter part, 
or retracted it, on the other hand, he failed to 
produce any convulsive movements; but they 
becaine very violent when the muscular flesh of 
the hip was gently laid over the sciatic nerve, 
still connected with the trunk. 
' The third section of Humgotpvr’s work treats 
of the excitement produced by a simple metallic 
substance, or by homogeneous metallic parts. He 
examines the phenomena which have been the 
most scrupulously observed, and which, in con- 
sequence of their being more complicated than 
the others, have been discussed and combated with 
the greatest obstinacy. ‘They take place in the 
highest degree of excitability, and consist of the 
contractions produced by metallic substances, or 
substances containing charcoal. ‘hese pheno- 
mena are reduced by Humsoxpr to an incon- 
siderable 
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siderable number of simple facts, by the distine- 
tion between two principal cases, namely, the 
irritation produced by homogeneous metals, and 
the one produced by heterogeneous metals. He 
divides the former into those which form a com- 
- plete chain between the animal organ’, and those 
by which such a chain is not established. He 
next details the result of his experiments on this 
head, as well as of those made by Atpint, Gan- 
vant, Bertineureri, Linp, Prarr, and Vora, 
terminating the section by an experiment which 
appeared to him very conclusive, relatively to 
homogeneous conductors. 
“Two frogs,” observes Humzoupr, ‘ were 
before me, the thighs of which, when the coat- 
ings of zinc and silver were applied, displayed 
very feeble contractions. I moistened the crural 
nerve of one of them with a solution of the car- 
bonate of potash, and that of the other with the 
oxygenated muriatic acid. T’omy great surprize, 
there were not any contractions when a coating 
of silver, which had been applied to the muscle, 
was brought in contact with a coating of gold 
applied to the nerve. I broke into twe portions 
a small bar of well purified zinc, and, having 
Jaid the nerve on one of these portions, the in- 
stant I brought it, by the help of the other por- 
tion, in contact with the muscle, powerful con- 
tractions were excited. Three thighs of frogs, 
vor. t. z treated 
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treated in this way, presented the same pheno- 
mena for the space of several minutes. Can it 
be supposed (adds Humpotpt) that two portions 
of the same bar of zinc should be less homo- 
geneous than silver and gold? The question of 
homogeneity, in exciting substances, proves that 
there are, as well in physics as nm chemistry, 
many cases in which the observations present con- 
trarieties. The circumspect observer by whem this 
is witnessed, remains undecided and dissatisfied.”’ 
In the fourth seGlion Hempoxpr speaks of 
heterogeneous metals. ‘To the end that these 
metals, as well as all the substances containing 
charcoal, may produce galvanic phenomena in 
an exalted state of the excitability of the organs, 
it suffices that they form a part of a series of 
conducting substances, established between the 
sensible and irritable organs, whatever may be the 
length of the chain they form. ‘This is proved 
by a great number of experiments eited by Hum- 
BOLDT in the present section. In these experi- 
ments he was engaged, in concert with his elder 
brother, when chance led him to a very interest- 
ing discovery. He found that the coatings of 
the nerve and muscle being homogeneous, the 
contractions may be produced when the degree 
of excitability is extremely feeble, provided the 
coatings of this mature are united by exciting 
substances, among which there is a heterogene- 
ous 
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ous one, having one of its surfaces covered by a 
fluid in a state of vapour. This observation was | 
made at the commencement of 1796, and sur- 
prized Humsoupr so much, that he instantly 
communicated it to SoEMMERING, BLUMENBACH, 
Herz, and Gortue. He had not at that time, 
in the works on galvanism which had already 
appeared, met with any experiment the result of 
which had the smallest analogy with his dis- 
covery; and it was not until after the publication 
of the work of Prarr on animal eleétricity, that 
he became acquainted with any one similar to his 
own. ‘There were, however, some differences, as 
he proves by several passages cited from the 
above author. 

In the four sections the substance of which 
has been given, our author, in explaining the 
circumstances which tend to the produétion of 
the galvanic phenomena, as well as those which 
lead to their failure, observes that he has scru- 
pulously avoided to confound the facts with the 
conjectures to which they gave rise. In the fifth 
section he explains the signs he has adopted, to 
represent all the conditions of galvanism, together 
with the forms he has employed to express the 
positive cases and the negative cases, relatively 
to which latter, he observes, the utmost caution 
ought to be observed in the consequences drawn 
from the experiments. He distinguishes, in gal- 

T2 vanism, 
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vanism, two classes of active substances, the 
former of which comprehends metallic substances 
of every description, together with charcoal, and 
the substances into which it enters as a princi- 
ple. The second class comprises all moist ani- 
ma! and vegetable substances, muscular flesh, 
water, wetted cloth, &c. The former of these 
substances have been generally denominated ex- 
citers, and the latter, conductors of the galvanic 
fluid. Our author observes that this division of 
substances is false, and in absolute contradiction 
to many of the experiments he has made. He 
therefore rejects, in his formules, these denomi- 
nations, which he considers as purely hypothe- 
tical. Af 

To have a clear and comprehensive idea of the 
full extent of the galvanic phenomena, it is not 
sufficient to consider, in a general way, all the 
circumstances by which’ they are determined ; it 
being also essential to examine the modifications 


'. they present, in the different classes of animals. 


This, together with the consideration of the sub- 
stances which are, in the greater number of cases, 
necessary to the production of the galvanic phe- 
nomena, are the subjects of the sixth sedtion. 
Metals in a state of regulus, carbonated and 
sulphurated metals, the oxyde of manganese, the 
only metal the combination of which with oxy- 
gen is fully possessed of the conducting property 

of 
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of the galvanic fluid, sea-coal, charcoal, the car- 
bonated sulphurate of zinc, plombago, the Ly- 
dian stone, the aluminous and sulphuric schists, 
water, and all liquids, with the exception of oil ; 
~——stuich is the list of the metals and carbonated 
substances, which, whether alone or conjunc- 
tively, are deprived of the property of conducting 
the galvanic fluid, the instant they are surrounded 
either with oxygen or pydroga 
At the time when Humgoxpt’s work appeared, 
very few experiments had been made by other 
physiologists, on the comparative effects of animal 
and vegetable substances employed in the gal- 
vanic chain. On this subject he made several 
precise experiments, of a very curious and in- 
structive kind, more especially on the epidermis 
both of animals and vegetables. Having, in the 
course of these experiments, composed a chain 
of seven or eight persons, he occasionally re- 
marked that the movements of the muscles did 
not ensue, until one of them, who constituted a 
part of the chain, quitted it. He adds that, on 
several of these trials, he could not discover the 
non-conducting indiyidual, until all the persons 
who composed the chain had withdrawn from it 
successively. ‘There were instances in which 
this individual wetted his hands ineffeétually, and 
without bestowing on them the conducting pro- 
perty, although, under other circumstances, this 
T3 expedient 
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expedient was found to be highly efficacious, 4s 
was also that of sprinkling the floor on which 
the chain was established. 

The following very interesting phenomena is, 
in Humpoupt’s opinion, a fit subject for the 
exercise of the sagacity of physiologists. Every 
one is acquainted with the sensation denominated 
_ the setting of the teeth on edge, which is produced 
by the action of weak vegetable acids contained 
in grapes, plums, apples, lemons, &c. The whole 
of the crown of the teeth, particularly the en- 
amelled substance, which is imsensible in its ordi- 
nary state, then becomes so sensible to impres- 
sions, that the conta@ of a piece of woollen or 
linen cloth, or of cork or brown paper, and even 
sometimes the mere dread of the contact of these 
substances, produces, according to Humgoxpt, 
a very disagreeable sensation. The attention of 
naturalists was first attracted to this subject by 
Dr. WepeExkinp, of Mentz; and it has been since 
discussed with great sagacity by Ret, the cele- 
brated physiologist of Halle. What, indeed, can 
be more singular than to see a part of our body, 
the substance of which is principally terrene, and 
to which Nature seems to have denied every share 
of sensibility, acquire one of so lively a nature, 
when touched by an acid? It is known that 
VourTa’s experiment does. not succeed, if, instead 
of applying the coatings, the one of silver, for 

instance, 
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instance, and the other of zinc, to the two. sur- 
faces of the tongue, one of these metals be laid 


on the crown of the teeth, while the application © 


of the other is made to the tongue. Humsoupt 
being desirous to know whether the teeth still 
possess this insulating property, in the state in 
which they are said to be on edge, and whether 
there was any foundation for the opinion of 
Wepexrnp, by which he had been led to think 
that the contrary is the case, found the ideas of 
that naturalist fully confirmed by the experiments 
into a detail of which he enters. 

Relatively to the existence of sensible fibres in 
the tendons and ligaments, Rein adopts the 
pathological facts collected by Wayte and Mur- 
ray, by which the sensibility of these parts 
is brought forward in evidence. Humpo tpt is, 
on the other hand, persuaded, that the result of 
several experiments made by him, is such as to 


justify his doubts as to the fidelity of these asser- 


tions ; and the reasonings and proofs he adduces 
in support of his experiments, seem to demon- 
strate that his inferences are not improperly 
drawn. | 
His attention was directed to mushrooms, with 
a view to ascertain, whether, in consequence of 
their substance having a great analogy to that of 
animals, they possess a conducting property, si- 
mnilar to the one which resides in the muscular 
TA flesh, 
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flesh. He accordingly made a considerable num- 
ter of trials, the results of which were, that the 
different kinds of mushrooms, which, in becom- 
ing putrid, emit an animal, insjpid, cadaverous 
smell, are as perfect conductors in the galvanic 
chain, as the organs of animals. The morels, 
and more especially the three kinds which are 
eaten, namely, the phallus esculenius, the elvella 
mitra, and the elvella sulcata, are strongly pos- 
sessed of this quality. On this head Humgo.tpr 
remarks how essential it is that chemists should 
direct their researches to an analysis of the diffe- 


-rent descriptions of mushrooms, by which they 


cannot fail to make many important discoveries, 


' He cites the researches of GunTHER, under- 


taken upon his suggestion, on the agaricus cam- 
pestris, in which was found a great quantity of 
sugar susceptible of crystallization. 

Having thus described the simple and coms 
pound substances which produce the galvanic 
phenomena, when brought in contact with the 
excitable organs, Humsotpr, in his seventh sec- 
tion, describes, in a tabular form, the conducting 
stibstances, and those by which the galvanic 
fluid is insulated. With respec to the conduc- 
tors, he observes that, when the coatings are ap- 
plied, in a direct and immediate way, both to the 
nerve and the muscle, the length of the condue- 
tor does not appear to be limited. Vatu hay- 


ing 
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ing employed conductors of two hundred feet in 
Jength ; and Atpini having carried very long 
cords, made with moistened hemp, round his 
house at Bologna; the experiments in either 
case succeeded perfectly well. Humszoupr adds, 
that conductors of 19,200 feet, similar to those 
which were resorted to in the electrical experi- 
ments of JALLABERT, SIGAUD DE LA Fonp, Mon- 
niger, Watson, and WrincKLER, may be em- 
ployed. He is even of opinion that this extent 
may be prodigiously augmented, by having re- 
course, for example, to rivers as conductors. 

In the employment of very long conductors, it 
' was not possible for Humzo.tpt to remark any 
interval between the instant when the muscle 


contracts, and the one when the contact of the | 
conductor takes place, the muscle and nerve be- — 
ing from two hundred to three hundred feet dis _ 


tant from each other. This announces a cele- 
rity of twelve hundred feet per second. The 
effect would be the same, should the conductors 
even be from ten thousand to twenty thousand 
feet in length. Thus Haxrer, in his physiology, 
ascribes to the nervous fluid a swiftness sufficient 
to enable it to run over a space of nine thousand 
feet in a second. The calculation of Sauvaczs 
is carried to thirty-two thousand four hundred 


feet in the same space of time ; and, what is still 


infinitely more surprizing, its celerity is estimated 


by 


ete 
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by the author of the essays on the mechanism of 
the muscles, at five hundred and seventy-six mil- 
lions of feet, (upwards of one hundred thousand 
miles) in the above space of a second of time. 
It ought here to be. noticed, that the great dif- 
ferences in these calculations arise from the dif- 
ferent kinds of experiments on which they are 
founded. hi 

It was reasonably to be expected that galvanic 
experiments should, as well as chemical analysis, 


furnish certain elucidations relative to the nature 


and combination of matter. In reality, the liv- 
ing nervous fibre serves, as well as chemical re- 


acting substances, to determine the nature of 
certain bodies. It has been long known that — 


a divided nerve acts as a living hygrometer; and 
it has also been noticed, that persons endued with 
great sensibility, feel a strong impression when a 


‘change takes place in the temperature of the 


atmosphere, as well as on the approach of a storm. 


This proves that the human body acts both as a | 


thermometer and as an electrometer. SOEMMER- 
inG has explained, with great ingenuity, the disa- 
greeable sensation which is occasionally felt, on 
any change of weather, in the case of a limb 
having been amputated. He is of opinion that 
the hamuidity which the extremity of the nerve 
absorbs from the air, by compressing the nerve 
itself, is the cause of the pain, which contmues 

unty 
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antil the humidity has been ‘dissipated - a dry 
atmosphere. 

The following caer: which was fre- 
quently repeated by Humsorpr, notwithstanding 
it is merely of a recreative kind, ought not to be 
passed over in this place. By applying a flattened 
piece of zinc to one of the surfaces of the tongue, 
and a flattened piece of silver to the other surface, 
without either of these coatings touching the 
other, but each of them provided with a long iron 
wire; and. by passing the wires, in a_ parallel 

direction through a door, behind which they are 
| brought together and separated alternately ; the 
person who makes the experiment ascertains, 
_ by the taste he feels on the tongue, the situation 
of the extremity of each of the wires. 

A phenomenon which, fifteen years ago, would 
have been considered as chimerical, has likewise 
resulted from the experiments on the galvanic 
fluid. It is as follows: A nerve, organically 
‘ united with several cubic lines of muscular flesh, 
indicates whether two metals are homogeneous 
or heterogeneous ; and whether they are in a 
state of pure regulus, or in an oxydated state, 
It also points out whether the coloration of a 
mineral substance depends on charcoal, or on an 
oxydation which has taken place. The living 
nervous fibre is consequently a living anthra- 
coscope, a mean of, discovering charcoal, almost 

as 
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as certain as the action of iron, and that of 
alkalis. 

Conformably to the result of his experiments, 
Houmeozxor replies affirmatively to the question, 


whether the muscular movements and sensations — 


produced by galvanism are prolonged after the 
chain has been closed. Among the experiments 
which he cites, he informs his readers that, in 
his own case, he applied two blisters to each of 
the deltoid muscles. This was an effort which 
required no small share of courage*. One of 
the wounds was covered by a large silver medal, 
and the communication established, by the means. 
of zinc, between the two wounds. ‘The result of 
the contact was, that the muscles of the shoulder 
and of the neck contracted alternately; and, in 
addition to this, our naturalist felt a violent 
smarting sensation, as soon as the bladder formed 


by the vesicatory was opened, He could clearly — ! 


distinguish three or four small, simple. bo- 
dies; and it frequently happened, that two of 
these small bodies were not productive of any 
sensation, until after the zinc had been laid for 


* This may truly be said, when it is considered that Hum- 
po.p? had made a similar application several times, in different 
circumstances, to ascertain the effects of his galvanic experi« 


ments. It will be seen hereafter, that he was still more cou- 7 


rageous when he undertook to denudate one of his nerves. 
s0M6 
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some time on the true skin in its denudated state. 
What proves that the force of the phenomena 
depended entirely on the degree of incitability 
residing in the organs, is, that the ulcers having 
been exposed to the air for the space of half an 
hour, and the rete mucosum having become indu- 
rated, a single contact would no longer produce 
any more than a single contraction. When a 
few drops of an alkaline solution had been poured » 
on the coating, the incitability of the organs was 
instantly augmented in a powerful degree. The 
pains became extremely violent ; and HumsBoipt 
perceived, at the same time, that the contractions 
were renewed, and succeeded each other three or 
four times consecutively. It is true, that they 
lasted for one or two seconds only; but the 
smarting sensation was prolonged uninterruptedly, 
and in the same degree, so long as the coatings 
remained in contact. | 
In examining what passes in animated conduct- 
‘ing substances, after having refuted the error of 
those who think that the metallic irritation merely 
acts onthe organs to which the coatings are im- 
mediately: applied, Humpotpr gives it as his 
opinion, that an unknown fluid pervades every 
part of the galvanic chain ; but that its exciting, 
property is manifested more powerfully on the . 
organs which are immediately coated, than on 
those which are at a certain distance from the 
coatings, 
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coatings, in the case even of the latter being 
equally excitable. ‘This opinion he supports by 
observations which appear to him to be conclu- 
sive. An individual who entertained a strong 
belief of the cures performed by magnetism and 
electricity, assured our naturalist that he invari- 
ably felt a peculiar sensation of warmth, as often 
as he formed a part*of the galvanic chain. Hum- 
BOLDT caused to be removed, without his per- 
ceiving it, both the metallic coatings and the 
prepared animals. The sensation of heat con- 
tinued ; and was become still more powerful 
when he assured this person, with an assumed 
air of gravity, that he had employed, in the chain, 4 
new means of a more efficacious nature. Is it — 4 
surprizing, after this, that perhinism should have 
its partizans and admirers, as was formerly the — 
ease with the now justly exploded doctrine - - 
MesMER ?. | 
The enpetitnennt made by Humzoxpr on the 
nerves, demonstrate that a stimulus arising from 
those of cold-blooded animals, is capable of irri- 
tating those of animals the blood of which is 
warm; but that this irritation follows different 
laws, according to the nature of the organs of 
which the chain is composed. The considerable — 
number of experiments, published by different 
authors, on the ligature of the nerves, and that 
of the arteries distributed in the muscles; toge- 
ther 
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ther with those made both on cold-blooded. and 
hot-blooded animals, have caused it to be con 
sidered as a fixed and invariable principle, that 
the ligature does not interrupt the galvanic ef- 
fects, whenever the portion of the nerve, com- 
prehended between the muscle and the ligature, 
is surrounded by an insulating bedy. : 

The discussions which had taken place rela- 
tively to the ligature of the nerves and arteries, 
inspired Humzoupt with the idea of instituting 
experiments on the sensible fibres divided into 
two portions. In this way he was enabled to dis- 
cover the property innate in the living sensible 
fibre, of acting at some distance, and of dispers- 
ing around it an irritable atmosphere. ‘This pro- 
perty is of the utmost importance, in the expla- 
nation of several physiological and pathological . 
phenomena. He confides to skilful anatomists 
the charge of making the numerous applications 
of which it is susceptible ; and contents himself 
with examining such of the phenomena of this 
description, relatively to the sensations of touch- 
ing and of the taste, to the re-production of the 
nerves, and to several sympathetic effets, as 
have appeared to him most deserving of atten- 
tion. His experiment relative to irritable and 
sensible atmospheres is extremely curious and 
interesting. On this subje@ we shall touch here- 
after. 


: ae The 
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The eighth section of Humzoipr’s work com- 
mences by the following position: that it is es- 
_sential, in galvanic experiments, that the nerve 
which is intended to excite contraGtions in a 
muscle, should be organically united with it. 
The heat of the exciting arcs, and the essays 
of Dr. We tts on their friction, are next con- 
sidered. 

- To develope all the circumstances in which 
the galvanic phenomena are successfully pro- 
duced, it is necessary to consider the medium in 
which the chain, formed by the metals and living 
organs, is stationed. Whether the phenomena 
are the same in the different kinds of fluids; in 
those which are susceptible of forming drops, 
and in the gaseous fluids; together with the 
effe€t produced on them in rarefied air, and in 
condensed air; are questions relative to which 
Humsoxipt deemed it important to make a series 
of experiments with a pneumatic apparatus. He 
directed his trials to seven kinds of gases, in va- 
cuo, in condensed air, and in liquids, presenting 
afterwards the galvanic phenomena he had ‘ob- 
served in plants. He had already confirmed the 
existence of the irritable fibre in the vegetable 
kingdom, by the experiments he describes in his 
chemical physiology of plants. ‘These experi- 
ments had thrown a new light on the origin, 
mixture, nutrition, incitability, and irritability of 

the 
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the vegetable fibre, and had afforded the strongest 
evidence of its analogy with the animal fibre. 

If vegetables are, however, provided with nerves, 
and if, in their instance, the sensible fibres are 
united to the irritable fibres, where are they to 
be sought? Undoubtedly in the membranes of 
the vessels. It is true, that the course of them 
can scarcely be distinguished, with the help even 
of the best microscopes; and that, instead of 
separate vessels, bundles of vessels can alone be 
perceived. The density of the tissue of the 
plants opposes another obstacle; and furnishes 
an additional reason why metallic irritation 
should possess but little Spies in experiment- 
ing on plants. 

To what particular phenomenon ought to be 
ascribed the effet of galvanism on the grami- 
neous tribe, cr on a cabbage plant, if it be not 
owing to the accelerated contraction of the coats 
of the vessels; to the. more rapid circulation of 
the juices, and to the augmented secretions? 
Now, how can these effects be perceived in a 
substance deprived ofa vital organization, so 
far at least as not to be evident to our senses? 
These difficulties, and others of an equally power- 
ful nature, determined our naturalist to aban- 
don the wide field of conjectures and hypotheses, 
and to institute a series of real observations, by 
galvanic experiments on small worms, leeches, 

VOL. I. U earth 
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earth worms, and on the different species of 
cuttle fishes. The galvanic ‘phenomena were 
manifested on the most minute aquatic worms. 
The presence of the sensible fibre was very no- 
ticeable in the naiads, a description of worms 
which, by their faculty of reproduction, surpass 
all the known kinds of dumbrici and Jeeches. 
Experiments were. also made by Humgotpr on 
the lerney or water serpents; on the tenia, and 
on the different species of ascarides, in the case 
of which the movements were, by the means of 
the oxygenated muriatic acid, accelerated for 
several minutes. ‘This was, however, at the ex- 
pence of their life. 

As it results from. the most precise observa- 
tions, that the galvanic irritation acts on the 
nerves alone, the very insufficient knowledge 
which had been acquired relatively to the nerves 
of insects*, determined Humsotpr to institute, 
during three years, researches on their sensible 
fibres. Several considerations, he observes, lead 
him to think that the great irritability which is 
noticed in insects, 1s combined with a propor- 


* It would appear from what Haxtuer observes in his 
Prime Linee Phystologice, that he denies the existence of 
nerves in several insects, and in the tribe of polypi. The . 
work of Lyonner does not point out a single vein in the cater- 
pillar. 


tionate 
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tionate nervous energy. In support of this idea, 
he cites the effects of alcohol and electricity, 
which have been found by Fontana to act on 
the sensible fibre alone. He was not enabled to 
trace the nerves with so much precision, in any 
other insect, as in the cerambyx cerdo. The most 
considerable of these nerves, distributed in the 
hinder extremities, are larger than horse hairs. 
After having given an account of his galvanic 
experiments on insects, HumBo.pr enters into a 
detail of those he made on fishes, the nervous 
organization of which is truly admirable. Ac- 


cordingly, on dissecting them, he was convinced 
_@ priori, that this class. of animals is extremely 
_ well adapted to galvanic experiments. “I have 


seen (he observes) fishes, the head of which 


had been cut off half an hour before, strike with 
_ their galvanized tail in so forcible a manner, that 


the whole of the body was raised considerably 


above the table on which they were placed.” 


When their incitability was exalted by alkaline 


solutions, or by the oxygenated muriatic acid, 
the struggles of the fishes, more particularly of 
the eels and tenches, were stich, that it was 
scarcely possible to master them. ‘The slightest 
contact of metallic substances made them spring 


_ to a considerable distance. 


In cominencing the faintta section, aot 


observes that, in he class of amphibious animals, 


U2 the 
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the phenomena of galvanism have been most 
frequently discovered and investigated. Frogs, 
which may be every where procured in great 
numbers; which are possessed of an almost in- 
destructible irritation; the flesh of the museles 
of which is in the nicest state; and the body of 
which is nearly transparent ; have, unfortunately 
for them, attracted the particular notice of phy- 
siologists. ‘The use to which Nouzer, in the 
first instance, and, afterwards, Rosext, Hausa, 
and SpALLANZANI, applied frogs in their experi- 
ments, was but a feeble precursor of the fate 
“which awaited them at the close of the eighteenth 
century, in every part of Europe, and in North 
America. 

- Humsoipt now enters into an explanation of 
the causes why the winter slumber of amphibious | 
animals * augments their irritability. He brings 
forward the. proof that the exercise of the in- 
tellectual faculties debilitates both the muscular 
fibres and the secretory vessels. He next pro- 
ceeds to a variety of physiological observations 
on frogs, lizards, toads, and tortoises. The latter, 


* The example of the longest sleep, or, rather, of the longest 
apparent suspension of life, is that of the vorticella rotatorja, 
which was revived by Fontana, in the space of two hours, 
by moistening it with a few drops of water, after having kept 
‘it, motioniess, and in a desiccated state, for the space of two- 
-years and a half.—See his valuable treatise on poisons. 


more 


HUMBOLDY’'S GALVANIC EXPERIMENTS. 293 


more particularly those found in the rivers, pos- 
sess an irritability which continues for a very con- 
siderable time. P. Micuae is excited very power- 
ful muscular contractions in a tortoise which had 
been dissected and exposed, its heart having been 
taken out, for the space of eighteen hours, to the 
vigorous cold of the winter season. Herremg- 
stabs found the muscular flesh of the common 
tortoise, ¢estudo europea, to be acted on by 
metallic irritation, at the time when the putre- 
factive process had commenced. 

The galvanic experiments on man are unques- - 
tionably the most important. HumBoxtpr draws 
the attention of his readers to several observa- 
tions which he had either passed over in silence, 
or had but slightly touched on, such as the lu- 
minous appearance which may be produced in 
four different ways. ‘he discovery and publicity 
of this phenomenon, were, as has been already 
noticed, due to Mr. G. Hunter, of York. Hum-~ 
soLDT explains by what conjunctions of the nerves 
galvanism at this time affects the visual organ, 
and inquires into the nature of the sympathy 
which subsists in an mverted ratio, between the 
_ olfactory nerve and the superior maxillary nerve, 
He observes that he was never able to remark, 
any more than Prarr, either the contra¢tions or 
dilatations of the pupil; and adds, that the con- 
tradictory results of the experiments made by 

| U3 Fow Ler, 
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Fow er, may be explained by those nervous sym- 
pathies; from which it results, that a strong light, 
in acting on the organ of sight, excites sneezing; 
and that ammoniac, in stimulating the organ of 
smell, produces the dilatation of the pupil. There 
had not, at the above time, been any instance of 
the galvanic action similar to that of the flash 
of light. Dr. Monro was so excitable by gal- 
vanism, that he had a hemorrhage from the 
nose, when, after a very gentle introduction of 
zinc into the nostrils, he brought the above metal 
into contact with a coating applied to his tongue; 
and this bleeding constantly ensued the instant 
the flashes of light were perceived. This phe- 
nomenon, which is highly instruétive to the phy- 
siologist, demonstrates how it is that the nerves 
by which the small blood vessels are surrounded, 
irritate and augment their contractions. It also 
confirms what anatomists have observed relatively 
to the influence of a sense of shame, as well as 
of joy, on the nerve of the fifth pair, and more 
especially those of the face. 

Humzotpr apprehends that this violent irri-- 
tation may be of great utility in certain patholo- 
gical cases. Having supported this idea by fats 
which seem to argue in its favour, he proposes 
and points out the means of employing gal- 
vanism in the case of patients whose sight is 
conjeCiured to have been irretrievably lost. 


In 
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_ successors ? 
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In speaking of Voura’s experiments on the 
tongue, he observes, that some idea of them had 
been given thirty years before, in SULTZER’s work 
entitled “‘ the New Theory of Pleasures,’ pub- 
lished in 1767; and that if, at the above time, 
the consideration of the superficial situation of 
the nerves of the tongue, had led to the artificial 
discovery of a nerve, the great discovery of me- 
tallic irritation would have been made in the time 
of Hanuer, Franxiin, Trempiey, Campzr, 
and Burron. How great a progress would not 


this discovery have made, if the above philoso- 


phers had transmitted to us, thirty years ago, the 
theory and experiments which we leave to our 
| 

Voura having pointed out the differences, in 
point of savour, which result from galvanic expe- 


riments on the tongue, according to the nature 


and disposition of the coatings, Humsonpr’ re- 
peated these experiments, and added to them 


- several of his own, with .a nearly similar result. 


His different trials, however, having failed to 
produce any contraction of the tongue, appear 


to have established the truth of the ancient as- 


sertion of GaLEn, recently confirmed by Scarpa, 
namely, that the nerve with which the tongue is 


supplied by the third branch of the fifth pair, is 


exclusively devoted to the sense of tasting, and 


_ that the ninth pair are exclusively destined for 


Aw. the 
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the motion. of the tongue. This has been evi- 
dently proved by the galvanic experiments on the 
nerve in question. 

The termination, in the pituitous membrane, 
of the nerves belonging to the organ of smelling, 
which originate in the first pair, and in the first 
two branches of the fifth; together with the 
observation of the innumerable phenomena of 
sympathy between the organs of sight and those 
of smelling and tasting; had led to a presump- 
tion that, by galvanizing the nostrils, the smell 
would be affected. This supposition has not, 
however, been confirmed by any experiment. 

Rosinson and Hecxer having published con- 
tradictory observations relative to the irritation 
produced in the sockets of the teeth, Humzoipr 
has adopted those of the former of these physi- 
ologists. In the case of a wound of the hand, he 
saw an inflammation produced by the application 
of the irritating metallic substances; and this 
fact was-afterwards corroborated by a trial he 
mhade on himself. -Having abraded the skin of 
the wrist, with the effusion of a small quantity of 
blood, at the part where the radial artery is ex- 
tremely superficial, he laid on the wound a coat- 
ing of zinc, which he touched with a silver coin. 
As long as the contact continued, he felt a tense- 
ness which extended to the end of his fingers, 
together with a shooting and tremulous sensation 

| in 
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in the whole extent of the palm of the hand, 
This painful sensation became manifestly more — 
intense, whenever the edge of the coin was 
brought in contact with the zinc; and the irri- 
tation likewise augmented the discharge of blood. 
As soon as this substance became clotted, the 
coating produced a much weaker effect. Hum- 
BOLDT now took a scalpel, and, having made 
slight incisions in the part, the galvanic process, 
which he continued for several days successively, 
produced a very decided inflammation. 

Two vesicatories, each of them of the size of 
a crown-piece, which he caused to be applied to 
his shoulders, and which were laid over the tra- 
pezius and deltoides muscles, were, after the vesi- 
cles had been opened, subjected to a similar ex- 
periment, the result of which was a fresh dis- 
charge of serosity, accompanied by a change of 
colour, a very acute pain, redness, and inflamma- 
tion. He again repeated on himself this experi- 
ment, which was followed by the same pheno- 
mena. ‘* This, he observes, demonstrates the 
organization of our machine, in the most asto-~ 
nishing point of view.” ‘The sensation which 
galvanism excited in him, did not appear to him 
to have the smallest resemblance with that which 
is occasioned by the electric fluid. It appeared 
_to him to be a pain of a very particular and dis 
tinct nature, 

The 
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- The reader will: recolle& that there was some 
mention of similar'experiments, in the analysis 
of the seventh section of Humsonpr’s work. 
He made them-with:a view to ascertain whether 
the muscular movements and sensations produced 
by galvanism, are prolonged after the chain has 
been closed. This induced him to apply two 
blisters to his. back. We are informed, in 
BrRuGNaTELuLi’s medical commentaries, that Dr. 
Corraport tried an experiment of this nature on 
a woman labouring under an ophthalmic com- 
plant. The sensation was similar to that which 
Humsoitpt mentions; but the serosity, which 
was merely more abundant, had not acquired an 
additional acrimony. An _ individual aged fifty 
years ean scarcely endure the pain which this 
experiment occasions ; notwithstanding which, it 
was made on two aged females, without, however, 
presenting any particular result. It follows from 
what’ has been observed, that Dr. Corrapori 
agrees with HumBoxnpr so far as the sensation is 
concerned ; but differs from him respecting the 
increase and augmentation of the serosity. With 
respect to the effects of the galvanic irritation, 
the above physiologists concur in the opinion, 
that they have not the most distant resemblance 
to those of the eleciric shock. To prove this, 
several patients were, without their. being sensi- 
ble of it, eleGrified both by Humzonpr and Dr. 
. CoRRA~ 
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Corrapori; but without either of these physi- 
ologists being able to form any comparison be- 
tween the effects, which were altogether different. 

The greater the number of the nerves over 
which the galvanic fluid passes, the more evi- 
dent are the effects of the irritation it produces. 
AcHARD, of Berlin, whose sagacity in experi- 
menting is well known, was the first to establish 
a communication between the mouth and the 
anus, by the means of zinc and silver. In this 
way he excited pains in the bowels, augmented 
the energy of the stomach, and brought about a 
change in the evacuations of the intestinal canal. 
HWumBoxtprt being persuaded that, in this experi- 
ment, all the nerves of the trunk are excited, 
conceived the idea of trying whether so active an. 
irritation might not bring to life very irritable 
small animals, when they fall into ‘a state which 
resembles death. He made choice of birds for 
his experiments. He watched the moment when - 
a linnet was about to expire. The eyes being 
closed, and the little animal extended on its back, 
the point of a pin was thrust in near the anus; 
but the metallic irritation did not produce any 
sensible effect. Humspoipt now introduced a 
smail piece of zinc into the bill, and. a small bit 
of silver into the rectum, establishing an imme- 
diate communication between these metallic sub- 


stances by the means of a portion of iron wire. 
<* W hat 
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«« What was my surprize, he exclaims, when I 
perceived, the moment the contact took place, 
the linnet open its eyes, stand erect on its feet, 
and flutter its wings. It again breathed during 
six or eight minutes, and then expired tran- 
quilly.” 

This experiment Humpo.prt repeated success- 
fully on two canary birds ; and has no doubt but 
that it supplies a mode of bringing to life small 
birds reared in apartments ; and which are some- 
times drowned in the water given to them for the 

purpose of their bathing themselves. “ Might 
not physiology, he observes, be made to pay, in 
this manner, a part of the debt it has contracted 
with animated nature, by the innumerable mas- 
sacres it has occasioned ?”’ | 

HumBoLpr gives an account of a very inte- 
resting observation made by Dr. GrarENGIESsER, 
of Berlin, relatively to the influence of nervous 
irritation on the peristaltic mavements of the in- 
testinal canal. ‘The following are the most in- 
teresting particulars, as they were related by the 
Doétor himself. 

‘A patient in the military hospital of Berlin, 
had been afflicted for several years by a very 
large scrotal hernia, which having accidentally 
become strangulated, formed an abscess, followed 
by a considerable suppuration, with an opening 
of the integuments, and a protrusion of a part of 
the 
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the large intestines, that is, of the coscum, of the 
transverse arch of the colon, and of a part of the 
rectum, which were reversed in such a way as 


~ that their internal surface was become the exter- 


nal one. When the patient was seated, the ieum 
flowed out with the colon; and each of these 
intestines hung down to the knee. There were 
two openings, one on each side, which gave issue, 
the one to the injections administered to the 


‘patient, and the other to the excrements of ill- 


digested aliments. Between the colon and the 
small intestine, a large hard ring was perceptible, 
which formed a nice separation between them, 
and by which a strangulation was brought about 
in all the parts it comprised. The author of 
these observations conjectures it to have been the — 
valve opening into the colon, which had been 
powerfully distended by the reversed state of the 
intestines, and which, in the course of the seven 
years the disease had subsisted, had lost its ori- 

ginal configuration. | 
As soon as he had examined his patient, Dr. 
GRAPENGIESSER came to a resolution to subject 
him to a series of galvanic experiments, to which 
he submitted without the smallest hesitation. 
The Doétor accordingly armed a portion of the 
intestines with silver, and the other portion with 
zinc. Scarcely had a contact been established 
between the two coatings, when the peristaltic 
move- 
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movement became greatly accelerated, the undu~ 
lations succeeding each other with an extraordi- 
nary rapidity. The patient felt an acute pain of 
a peculiar kind in the parts the metals touched. 
The galvanic fluid appeared to augment the » 
action of the mucous glands, as well as that of 
the exhalent vessels, and likewise to render their 
secretions more abundant, in the same way as it 
had augmented, in the case of the wounds, the 
secretion of the serosity, after the application of 
the vesicatories which Humsoxipr made on his 
back. Several large drops of fluid matter flowed 
in a few minutes from the intestines on the me- 
tals. a Rae 
Dr. Grapenetesser having in his recollection 
the experiments relative to the effects of alkalis 
on the nerves, slightly moistened the surface of 
the small intestine with the carbonate of potash — 
in a deliquescent state; the consequence of © 
~ which was, that the vermicular motion of the in- 
testines became at least six times more powerful 
than before, although one application only of a 
coating was made. The patient, at the same 
time, felt an increase of pain. 

The above experiments are on many accounts 
instructive. It appears by them, that the intes- 
tines, the vermicular motion of which is, in the 
opinion of physiologists in general, involuntary, 
are susceptible of metallic irritation. It follows 

from 
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‘from hence, that the Italian naturalists had made 


an erroneous decision, when they advanced that 


galvanism acts alone on the muscles dependent 


on the will. The latter of these experiments 
also demonstrates, that the peristaltic movement 
of the intestines is solely caused by the irritation 
of the nerves, seeing that it is impossible to irri- 
tate the intestinal canal, without irritating also 
the nervous filaments distributed in the cellular 
membrane; at the same time that the galvanic 
stimulus does not act unless the sensible fibre be 
coated, as was proved by Humgotpr at the com- 


amencement of his sixth section. 


Scumucu, who made his experiments five 
months before Fowxer, was the first to observe 


the incitability of the heart, when acted on by 


the galvanic fluid. The latter, however, had an 
equal claim to ‘originality, when he contrived to 
change the pulsations ofthe heart, without an 
immediate application of the coatings to that 
viscus, by the simple application of them, in ex- 
periments made on warm blooded animals, to the 
recurrent nerves of the par vagum, or eighth 


pair. ‘Prarr, Lupwic, Creve, and Weesrsr, 


confirmed the fidelity of the observations of 
Prarr, when they repeated his experiments on 
frogs. As, however, in several of these experi- 
ments, the muscular fibre had been touched by 


.the metals, a suspicion was entertained of the 


existence 
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existence of a metallic irritation. It therefore 
became important to enter on new inquiries rela- 
tive to this fact. The silence of Scarpa, on the 
influence of galvanism on the nerves of the heart, 
was an additional reason why the experiments 
should be repeated. 

Humsoitpr engaged, accordingly, in a series 
of experiments on this subject; and, to avoid 
being led into error, made them in the presence 
of several celebrated physiologists, who paid a | 
minute and particular attention to all the circum- 
stances. He details the results at the close of 
his ninth section, in the analysis. of which we are 
engaged. 

He assures his readers that his experiments on 
the heart of frogs, lizards, and toads, were, in 
almost every instance, successful. Those which 
he made on the heart of fishes, demonstrated to 
him, that if, in their case, the viscus is the most 
incitable on the application of the oxygenated 
muriatic acid, it is also the most excitable by the 
means of metallic irritation: In Poland he dis- 
seCted the fishes of the Vistula, which were ex- 
citable to such a degree, that not only iron and 
silver, but even copper and lead, sufficed to ope- 
rate changes in the pulsations of the heart. 

_ These experiments leave no doubt in the mind 
of Humsoxtpr, but that metallic irritation acts 
both on the muscles dependent on the will, and 

on 
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on those which are independent of it, notwith 
standing it may, in the instance of the latter, 
have a4 less powerful influence. As he has proved, 
in another place, that the galvanic phenomena 
are produced by the means of the sensible fibres 
alone, so, likewise, do the experiments immedi« 
ately before us prove this very important fact, 
that the contractions of the heart are modified by 
the nervous influence. Relatively to the question, 
whether, in a galvanized heart, the irritation is 
invariably the same, whatever may be the point. 
of that viscus to which the portions of muscular 
flesh, formite a part of the conductor, are ap- 
plied, he replies affirmatively, observing that 
this arisés from the multiplied distribution of the 
nervous filaments in every part of its substance, 
This multiplicity of nervous filaments had been 
proved by the descriptions of Anprrscu, by the 
preat anatomical work of SopEMMERING, and, more 
particularly, by the plates which Scarpa has 
given of the cardiac and glosso-pharyngian nerves. — 

The reader must have observed that the pre= 
ceding seCtions have been dedicated to the expo« 
_ sition of the galvanic phenomena in their fullest 
extent. In the tenth and last seGion, Hum- 
BOLDT considers these phetiomena so far as they» 
relate to the other powers of Nature. He sets 
out by an inquiry into the causes of galvanism, 
and proceeds from these to an investigation of 

¥OL. I. x its 
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its theory. His first hypothesis necessarily re- 
gards the theory established by Gatvant. 

In the first section of Humsoxipr’s work, men- 
tion was made of the great number of objections 
to which this theory had given rise, and of the 
very satisfactory manner in which it was refuted 
by Prarr. ‘The maiority of the experiments 
made by M. Humsotpr himself, have also tended 
‘to demonstrate its insufficiency. By abandon- 
ing, however, the theory of galvanism, founded 
on the analogy of its phenomena with those of 
the Leyden phials ;—a theory which has as feeble 
a basis as the calculations of SatvaceEs on the ' 
celerity of the animal spirits, the name of Gat- 
vANI will not suffer. It will be immortalized ; 
and future ages, in availing themselves of the ad 
vantages of his discovery, will acknowledge that 
physiology owes to Harvey and Gatvanr its 
two principal and fundamental supports. 

Our author’ takes no notice whatever of the 
theory of Vatii, on account of its being analo- 
gous to the preceding one, and because it is in- 
volved in somany perplexities, as to be refuted by 
each of the experiments on metallic irritation. 
That of Voura, founded on the destruction of 
the elecirical equilibrium, is the most plausible of 
all those by which an explanation of galvanism 
has been attempted, and is, at the same time, the 
one which comprehends the greatest number of 

facts. 
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fads. It is explained by Humsoxpr in all its 
genuine simplicity ; but the experiments made by 
the latter, oblige him ‘to declare himself the 
adversary of Vot'ra. In his refutation he em- 
ploys all the circumspection due to aman whose 
inventive genius, spirit of observation, and great 


_ address in experimenting, have been long known. 


The opinion of the physiologist in question, 
was, in the first instance, that metallic irritation 
is, according to every probability, to be entirely 


ascribed to an unequal distribution of the electric: 


d 


fluid. Having, however, afterwards observed 
that several of the facts he met with in his ex- 
periments, could not be ascribed to external elec- 
tricity, he became persuaded of the existence of a 


particular fluid, hitherto unknown, accumulated 


- in the sensible fibre; and this fluid he denomi- 


‘nated animal electricity. The complete exposi- — 


tion of his theory will be seen hereafter,. in. our. 


- analysis of his Letter to Sir JoszrpaH Banxs. Not- 


withstanding it is founded, as has already been 
observed, on the destruction of electrical equili- 
brium ; and although it may be applicable to a 


_ great number of new discoveries; this theory 


appears to Humgonpr to have been completely 
overturned by several of his experiments, as well 
as by the facts he cites, with which it is in mani- 

fest contradiction. 
When our naturalist himself engages in the 
x 2 | task. 
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task of hazarding an explanation of metallic 
irritation, and of its different effects on the mus-~ 
cular fibres, he does not undertake to refer to 
one and the same principle, all the galvanic phe- 
nomena, the degrees of the complication of which 
are so different; or to substitute another doc- 
trine to that of the electrical equilibrium. He 
confines himself to a comparison of the faéts; 
and, while he calls the attention of his readers to 
the relations they have with each other, he points 
out the probable mode of coming at a more pre- 
cise and extensive knowledge of the subject he 
discusses. ‘To communicate a thorough know- 
ledge of the theory of Humzotpt, it would be 
necessary in this place to copy all the principles. 
he lays down, as well as all the results of the ex- 
periments he made, and the general details inte 
which he enters. As the plan we have laid down 
does not admit of so dilated an account, we must 
refer such of our readers as are desirous of this: 
very particular information, to the work itself, and 
shall confine ourselves to an exposition of a few 
of the principles and results, by which his doc- 
trine is sufficiently well established, to afford a _ 
clear and distinct knowledge of it. These prin- 
ciples and results we shall divide under eight 

different heads. 
ist, As the organs are enabled to manifest, 
solely, and by themselves, the phenomena of 
galyanism, 
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galvanism, it is evident that they contain the 
stimulating cause. 

2diy, Our author points out the necessary con- 
ditions to enable the metallic irritation to pre- 
serve its efficacy in the different degrees of the 
diminution of irritability. 

3dly, He gives his theory, which is founded on 
the existence of a particular fluid, residing in the 
organs, and on its accumulation, occasioned by 
the obstacles with which it meets. 

Athly, He attempts to explain all the pheno. 
mena, which he establishes on a small number 
of simple principles. 

_ 5thly, He explains the differences and rela- 
_ tions between the galvanic, electric, and mag- 
netic fluids. | 

6thly, He describes the particular effects of 
- oxygen and zinc. 

7thly, He treats of the active atmosphere of 
living organs, and of the hypotheses which relate 
to it. 

sthly, and lastly, He expresses his doubt rela- 
tively to the explanation of galvanism given by 
Creve, who flattered himself that he had disco- 
vered the nature of galvanic irritation, and pre- 
tended that, by the means of two metals, or by 
the means of one metal and a piece of charcoal, 
the water by which the nerve and the muscle are 
surrounded is partly discomposed ; and that the 

x3 oxygen, 
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oxygen, being attracted by the carbonated mat~ 
ter, is separated from the hydrogen. He adds, 
that this decomposition does not take place in 
the first instance, unless in the portion of water 
which is in immediate contact with the metallic, 
or other substances, but that it afterwards extends 
beyond that point.. Chemistry, physiology, and 
practical medicine, ought, according to CrEvE, 
to derive very great advantages from this disco- 
very, on the nature of metallic irritation. He 
even hopes that its influence will be extended to 
the different branches of mathematics and natu- 
ral philosophy. e . 
In the above analysis of the very learned and 
philosophical work of Humsorpr, the long se- 
ries of experiments it contains have not been 
given, because, in the first place, they are at this 
time generally known; and, secondly, because the 
majority of them could not have been compre- — 
hended, withaut the plates which are given at the 
end of the work. It will therefore suffice to state 
generally, what they all contribute to prove, 
namely; that an animal, a part of whichis brought 
in contact with a metallic substance, which may be 
denominated its coating, manifesis, several hours 
even after its death, powerful contractions, when | 
the coating, on the one hand, and, on the other, the 
adjacent muscles, are touched with the two extre- 
mities of another metal, | 


It 
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It may not be improper in this place to give a. 
short account of the discovery of Creve on me- 
tallic irritation, referred to above. The most im-, 
portant’ circumstance, and the one which has been. 


long considered as being absolutely esserftial to 


the successful issue of galvanic experiments, is 
that there should be, in the circuit or battery, 
two metals differing in their nature. It has al- 
ready been noticed, however, that it has been 
proved, by experiments posterior to those of 


Creve, that the effe&s of the galvanic influence _ 


are not confined exclusively to the cases of the 
application of metallic substances. We shall 
now see how they a¢t, according to the theory of 
the above physiologist, and what are the effects 
produced by metallic irritation. 

Several of the naturalists who have written 


on the subject of galvanism, have. granted too 


much to the vital forces, while their influence 
has not been duly appreciated by others, Ac. 
cording to Creve, the irritant discovered by GaL- 
vant belongs to the class of chemical irritants, 
He explains the phenomena of galvanism in the 

following manner : 
<< When a communication is established be- 
tween two metals, or between a single metal and 
charcoal, the water by which the muscles or the _ 
nerve is surrounded, is partly decomposed. The 3 
oxygen, one of its elements, having a greater 
x4 affinity 
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affinity with the charcoal, or with the metol, 
than with the hydrogen, quits the latter. The 
decomposition merely takes place in the quantity 
of water immediately in contact with the metals; 
but the sphere of the imfluence of this decom- 
position has a less limited extent, as is proved 
by the following experiment. If you place a 
metallic apparatus in a glass filled with water, 
and if you afterwards introduce your tongue into 
. this liquid, at the distance of nearly an inch 
- from the metals, you will be sensible of the acrid 
and astringent impression which is characteristic 
of metallic irritation. The tongue is affected 
because it is placed in the sphere of the action 
of the decomposed water; and the nearer it is 
brought to the part where the metals communi- 
cate with each other, the greater is the intensity 

the sensation acquires.” | | 
However Humzoipt may have expressed his 
doubts relatively to exactitude of this theoretical 
explanation, the above appearances seem to point 
out the mode in which natural history and medi- 
cine may be improved by the help of chemistry, 
In the sciences, Creve very justly observes, every 
thing is affected at the same time; and the ana- 
lysis of water and air, may, as well as that of 
the ideas, have an inestimable influence on each 
of the physical and natural acquirements, This 
important truth acquires a new. degree of evi- 
dence 
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dence from the researches and favourable pre- 
sentiments of M.Creve. More precise ideas 
relative to the disengagement of hydrogen, and 
to the effect its passage through the atmosphere 
may have on animated bodies; a more perfect 
Knowledge of the nature of the oxydation of 
metals in the bowels of the earth; more certain 
data relative to the phenomena of galvanism ; 
and, perhaps, the discovery of a new branch of 
curative means, by a recourse to metallic irri- 
tants ;—-such are several of the corollaries to be 
drawn from his observations. We will now fol- 
low another physiologist, Fagroni, in several 
of his details on the reciprocal chemical aCtion 
ef different metallic substances, and on the ex- 
planation of several galvanic phenomena. 

It has been seen, in several parts of this work, 
that various authors have comprehended, among 
the phenomena of galvanism, the one which 
SULTZER mentions in his Theory of Pleasures, 
that is, the sensation which is manifested on the 
| tongue, as soon as a mutual contact is established 
between two metals, which would not have ex- 
cited any sensation, if they had been separately 
applied to that organ, Fasroni expresses his 
persuasion that the identical agent which, in the 
above case, produces an unexpected savour, may 
likewise be productive of spasmodic contractions 
of the animal fibre, as soon as it is brought in 

contact, 
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contaét, at one and the same time, with the 
sensible parts, and irritable parts, each of them > 
laid bare. Far, however, from agreeing with the 
other physiologists, in ascribing these effects to 
an almost unknown agent, such as the electric 
fluid, he conceived, in the first instance, that - 
they merely depended on a chemical operation. 
So early as 1792, he made several experiments 
on this subject ; and communicated them to the 
Academy of Sciences of Florence. 

Various facts which he observed at different 
times, convinced him that metals have a recipro- 
cal action on each other; and that the pheno- 
mena which are displayed at the time of their 
union, or contact, are to be ascribed to this ac- — 
tion. He was also satisfied by other facts, that 
metals, in the exercise of their power of recipro- 
cal attraction, must diminish, in the same pro- 
portion, the force of respective aggregation ; and 
that, although neither of them can, separately, 
attract the oxygen of the atmosphere, or deprive 
water of that principle, they acquire the power — 
to do so by their simple mechanical conta, in 
consequence of the new combinations which take 
place. There is, therefore, according to his doc- 
trine, reason to suspect that several, if not all 
the effects produced on the animal body by the 
metallic coatings, applied to the nerves and 
muscles, are ascribable to a chemical operation, 

namely, 
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namely, to the passage of the oxygen from any 
given combination to a new one, and to the de- 
velopment of the soluble, or sapid principle so 
sensibly manifested in the organ of taste. 
Fasroni does not, however, undertake to ex- 
clude, in the principal faéts which result from 
galvanism, every possibility of electrical influence, 
His aim is principally to prove, that this prinei- 
ple has no connexion whatever with the pheno~ 


‘menon observed by Suttzer; and likewise that 
several other analogous facts are drawn from the 


same source. In repeating the experiment made 
by. the latter physiologist, he remarked that, 
when he wiped his tongue with all possible care, 
the sensation which is produced by the imme- 
diate contact of the two metallic substances, 
was diminished to such a degree as to be scarcely 
distinguishable. He concluded from hence, that 
the saliva, the lymph, or a humidity of some 
kind, has an influence on the phenomenon in 
question; and that, according to every proba- 
bility, it is this humidity which, either totally or 
in part, forms a sapid combination with the 
metal, the aggregation of which is weakened by 
the contact of another metal with which it has 
an affinity. By the experiments he made on this 
subject, with metals plunged in water, he was 
convinced that a chemical action had taken place; 
and that it was unnecessary to seek elsewhere the 

nature 
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nature of the rew stimulus, which, in Suttzzr’s 
experiment, had been called galvanism. He con- 
sidered that it was manifestly owing to a slow 
combustion and oxydation of the metal; which 
combustion must have been accompanied by an 
attraction of oxygen, and by a disengagement of 
light and caloric. That the light is set free, is 
fully proved by avery ingenious experiment which 
Fasront describes. 

Being persuaded that the sensation of savour, 
and the emanation of light, in Sunrzer’s ex- 
periment, are, as has been before observed merely 
the result of a chemical operation, he endeavours 
to disprove the physical arguments brought for- 
ward by those who, to justify their hypothesis, 
ascribe the above phenomena entirely to electri. 
city. One of his proofs. is drawn from the dura- 
tion of the operation, electricity invariably acting 
‘in an instantaneous manner, and, on the other 
hand, the effects of chemical affinities lasting as 
long ‘as there are any non-saturated re-actives 
left. If, among other proofs, he observes, it 


were necessary to demonstrate that electricity is_ 


totally unconnected with the phenomena in ques~ 
tion, the experiments might be varied in such a 
way as not to prevent the effects of the electric 
fluid, and to be certain at the same time, by the 
evidencé of the sight, that the combustion which 
takes place depends on the disposition of the 

metals, 
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metals, and on their chemical affinity. The 
processes he points out for this purpose, and the 
effects which result from them, seem to be un- 
answerable. ‘‘ It is very clearly seen,” he ob- 
serves, in concluding, “ by the results I have ob- 
tained from the simple contact of two metals, 
that is, by the oxyde and saline crystals, that a 
chemical operation is brought about, to which 
the sensations produced on the tongue and on 
the eye are ascribable. I[t is therefore highly | 
probable, that the» mysterious stimulus, which > 
produces the convulsive movements of the ani- 
mal fibre, in a great part at least of the galvanic 
phenomena, is owing either to these new coms 
pounds, or to their elements.” 3 “ 

The following letter of the celebrated Vassar 
ii-Eanon1, relative to the phenomena of the tor- 
pedo, which are very analogous to the effects of 
galvanism on animals, is inserted here, because 
it tends to confirm the theory of Humsoxpr, 
described in the early part of the present chapter. 

‘‘{ have perused Humszoipr’s work on gal- 
yanisin, which appears to me to be the most 
complete that has hitherto appeared*. I was 
well pleased to find that he agrees with me 
in ag hy; that no certain conclusion has as yet 


* This letter was written at the commencement of July 


1799. 
been 
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“been drawn relatively to the nature of the gal- 
vanic fluid. He expresses, at the same time, his 
doubts on that of the phenomena of the electri- 
cal fishes, which he means to make the object 
of a future inquiry. Ihave no doubt but that 
his inventive genius will enrich this part of na~ 
tural philosophy by the most interesting dis- 
-coveries, at the same time that he will still con- 
tinue to extend the boundaries of the other 
branches, in which he has so highly distinguished 
himself, by taking the most effectual route to 
come at the truth. In the mean time I shall 
point out my opinion, both as to what still re- 
mains to be done towards the discovery of the 
real cause of the phenomena of the torpedo, and 
the theory by which they may be explained. In 
the first place, I shall undertake to prove the 
veracity of the facts announced by Reamur, 
Hunter, Watsu, and several other physiolo- 
gists. It even appears to m<, that I have found 
some truths among the fabulous stories which 
ArtsTtoTie, Puiny, and THropurastus, have, 
as well as their commentators, published rela. 
tively to the torpedo. I shall endeavour to form 
a just appreciation of the singular relations which 
Scuintine and Kemprer have given on this sub- 
je&. The observations of SpaLLanzanr will, 
however, claim my most particular attention, 
seeing that they interest me more than those of 
| any 
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any of the authors who have preceded him in © 
this interesting inquiry; and because they have 


_a great analogy to the theory of fishes possessing 


the faculty of giving electric shocks, as it was 
propounded by me in 1790 to the learned Sr- 
NEBIER. 

«* May I sHeica be permitted to advert to 
the above observations, before I proceed to the 
theory of the phenomena of the torpedo, which 
Iam about to submit to the public. Being at 
Pavia in the year 1790, my friend SPALLANZANT, 


_ to whom I had before communicated my opinion 


relative to electric fishes, shewed me his large 


plates of the anatomy of the electric organs of 


the torpedo, and told me that, having cut the 


three great nervous trunks, which, in branching 


out, embrace the prisms, filled with soft matter, 


that compose the. greater part of the body of the 


torpedo, he observed that the animal had lost 
the faculty of giving shocks. ‘his led me to 
the observation that, in the case of the torpedo, 
the nerves express the electricity contained in the 
muscles; notwithstanding which, when the nerves 
have not been touched, the animal is capable of 
giving weak shocks, some time ‘even after its 
death. 

‘© The other observation made by Spatban- 


ZANI is, that the fetusses of the torpedo are, in 


the belly of their mother, united to the egg by 
3 : | the 
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the umbilical cord; and that, in withdrawing 
them, they bestow slight shocks. He shewed 
me, in his museum, several of these torpedos 
attached to the eggs, observing that he had 
himself felt the shocks they gave under the above 
circumstances. The details of what had been 
observed relatively to the other fishes possessing 
the faculty of giving shocks, by Muscuemprorx, 
Bason, Vanpertor, Fermin, &c. together with 
the anatomy of the torpedo and gymnotus elecs 
tricus, by Rep1, Lorenzini, Borety1, Hunter; 
Reamur, &c. supplied me with the necessary 
observations to ascertain the true structure of 
these animals. On the facts contained in the 
above authors I have founded my theory, which 
I shall explain more fully hereafter, provided it 
should appear that its basis is established on true 
principles. It is briefly as follows: 

« T suspect that the fishes which give shocks, 
possess the faculty of condensing the electrie 
fluid in a given part of their body; and that, in 
the ordinary position of their internal organs, 
this fluid is retained by a non-conducting vei, 
which afterwards, either by the means of rare- 
faction, or by the addition of the humours, be- 
comes a conductor, and admits the passage of the 
condensed electricity, as often as the fish is dis- 
posed to give a shock. According to this theory, 
the eleétricity is supplied by the air, and by the 

nourish- — 
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nourishment, as in the case of other animals; 
and the eletric organs constitute the part of the 
body in which the electric fluid is condensed. 
The mediuin in which the torpedo lives, does 
‘fot oppose ary obstacle to this theory, whether 
the structure of the animal be considered, or the 
nature of the watery element, so far as electricity 
is concerned. 

‘I shall not undertake to prove the former 
of these propositions, which possesses, notwith- 
standitig, a very great degree of probability. It 
demonstrates that the different parts of the ani- 
tal have, at one and the same time, contrary 
: electricities; and the denomination of ele¢tric 
_ organs which has been given by various physio- 
logists to the muscles described by Repr and 
Fermin, appears to me to confirm the second 
_ proposition. Be it observed that they did not 
bestow this name on the muscles of the fishes 
to which it refers; and which possess the faculty 
_of giving shocks, until after they had been per- 
suaded that the commotion which is received 
is electrical, and that it arises from the above 
organs. 

_ © T might also strengthen my assertion by the 
nature itself of the organs of the torpedo, which 
are composed of a great number of hexagonal 
and pentagonal tubes. Huwrer counted 1182 of 
these tubes in a muscle of a torpedo about a yard 
VOL. I. x | in 
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in length, and they are, according to Reamur, 
divided, each into several other small tubes, or 
cells, filled with a white and glutinous substance, 
which appears to be well calculated to retain the 
electricity. If we proceed to the examination of 
the structure of the gymnotus eleétricus, consist- 
ine in a great measure of a mucilage, which 
dissipates itself when rubbed between the fingers; 
and if we inspect the surface of its body, which 
is covered by small yellowish points, we find the 
latter to be the orifices of a similar number 
of small tubes, the majority of which are 
disposed on the head, and on the other parts 
that communicate the most powerful shocks. 
This structure agrees perfectly well with my — 
opinion relative to the cause of the pheno- 
menon. | 
_ © The effort made by the torpedo before it 
gives the shock, together with the contraction — 
of its body, which, from being convex, becomes 
concaye, and the depression of its eyes, which 
takes place at the same time, may tend to ex- 
plain the modification of the non-conducting 
veil, and the escape of the eleGtric fluid. Every 
one is well acquainted with the influence of our 
passions, and of our will, in modifying our in- — 
ternal organs; and it is besides known, that 
bodies lose their capacity to contain electricity, 
in proportion as their volume is diminished. 
| From | 
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From hence should follow, in the torpedo, a 
greater condensation of the electricity, by the 
diminution of the volume of the animal, and a 
modification of the non-conducting veil, pro- 
duced, at the same time, either by the will, or 
by the influence of the passions. Consequently — 
the shock will be merely a result of the known 
laws of the electric fluid, and of the physical 
state of the animal. The diminution of the suc- 
cessive shocks, their frequent failure, and, lastly, 
their total discontinuance, are obedient to the 
same laws. The observation made by Arin- 
_ GoarD, who, when at Naples, galvanized the 
: torpedo, and who could not find in it any par- 
ticular irritation, may be adduced in proof of the 
ation of the will in the phenomena exhibited 
by that fish. 

“The ideas I have just developed I am very 
far from giving as conclusive reasonings. It ap- 
pears to me, however, that they possess a cer- 
tain degree of probability ; and it will be highly | 
flattering to me if they should be found to 
contribute to the explanation of the pheno- 
mena of the torpedo, by supplying naturalists 
with new subjects, which may give rise to a 
number of interesting experiments and obser- 
vations. If experiments, observes Bacon, do 
not answer the expectation, they still inform 
| eo ta the 
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the mind. Consequently the researches res 
lative to a phenomenon which is still unex- 
plained, cannot fail to be advantageous to the 
sciences.” | 
_ To the facts contained in the above letter of 
VassALui-EAnpr, it will not be amiss to add, 
that the experiments made by Mr. Watsu, to 
which he refers at the commencement, and which 
are to be found in the Philosophical Transactions 
for the year 1773, were repeated at Rochelle on 
a considerable number of torpedos, in the case 
of which the learned naturalist in question con-. 
stantly felt the commotions, but without any 
manifestation of aspark. In 1776 he was enabled 
to make several experiments on the gymnotus 
eleGtricus, or tremulous eel of Surinam, and not 
only felt the shock, but observed the eledtric. 
spark. He also obtained the same result, in ex- 
perimenting, in London, on five living fishes of 
this description. M. Guisarr also made, at 
Cayenne, several experiments with two gun 
barrels, one of which was brought in contact 
with the head, the other with the tail of the 
fish, and pereeived the electric spark. Thus, it 
has been fully proved that the phenomenon re- 
ferred to is truly electrical. It had not, how- 
ever, been extended to other animals, beside the — 
electrical fishes, until the observation made by — 
| Corueno, 
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“Corveno, alluded to in the third page of this 
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work, was published. This observation is the 
more interesting, as it gave rise to the experi- 
ments made by Gatvanz, which led to his im- 
portant discovery. 
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Extract from a memoir by M. Prarr, relative 
to the experiments of Humpoupt described in 
the preceding chapter —Memcir of M. Luxor, 
on the circulation of a very alive fluid in the 
galvanic chain, and on the direction of its mo= 
tion. 


IT would appear that, in the case of experi- 
ments, the results should be the same to every 
man of science ; and that, when they are repeated, — 
what has been sensible to the touch and to the — 
eye of the first experimenter, should be equally 
so to the second, the third, and so on. For, be 
it observed, it is not the same with the external 
as with the internal senses. Our mode of rea- 
soning, our judgment, and our ideas, necessarily 
vary, according to the manner in which each 
individual views the object he examines, or ac- 
cording to his prejudices, and the first idea he 
has conceived of its explanation. But ought it 
to be the same, when the object is subjected to 
the external senses, to the sight and to the touch, ~ 
and when the experiments present phenomena : 

which | 


PFAFF ON THE PHENOMENA OF GALVANISM, 327 


which are manifest to these senses? And why 
are not these phenomena invariably the same to 
each of the observers? Whatever the cause of 
this may be, it is certain that it occurs daily ; 
and the galvanic experiments of M. Humgoxipr, 
described in the preceding chapter, are an addi- 
tional proof of the justness of the remark. 

A little time after his work had appeared, M. 
PrarrF, the celebrated physiologist of Kiel, pub- 
lished a memoir on the experiments it contains, 
which engrossed much of the conversation of the 
scientific world. After having repeated Hum- 
_ BOLDT’S experiments, he there asserts that he 
: found results totally different from those which 
that naturalist had announced. He undertakes 
to prove that the chemical action of different 
bodies on the fibre, agreeably to the supposition 
of Humgotpr, does not exist; and that these 
bodies act merely because they form a part of 
the electric chain. He besides endeavours to 
demonstrate, that the different hypotheses laid 
down by Humzotpr, are in contradi@ion to each 
other; and that, after a' perusal of his work, the 
reader has made no further advances than here- 
tofore, in the knowledge of the physiology of 
organized bodies. He is persuaded that we 
ought rather to confess our ignorance relative to 
the unknown process of vitality, than to pay an 
attention’ to hypotheses so devoid of all proof and 
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demonstration as are those of Humgoitpr. He 
is of opinion that a false application of chemistry 
to the physiology of the human body, occasions 
the retrogradation, rather than the progress of 
science. | } 

““ We give way, he observes, to an agreeable 
illusion, and, imagining our knowledge to be 
complete, we cease to investigate. Who would 


ever have imagined that two or three drops of 


alkali, or of the oxygenated muriatic acid, would 
be capable of producing a chemical change in a 
great number of muscles, all of which become 
convulsed on the application of these substances ? 
Houmszoxpt supposes, in the first place, that the 
fixed alkalis act by the means of the azote and 
hydrogen which, according to him, they contain ; 
and, secondly, that two oxydable bases, the azote 
and the hydrogen, advance the chemical process 
of vitality, while two other similar bases, con- 
tained in the carbonated hydrogen gas, namely, 
the hydrogen and the carbonate, retard that pro- 
cess. He assures us that two substances, so very 
different as fixed alkali and the oxygenated mu- 
riatic acid, act in the same manner, at the same 
time that the chemical affinities of these two 
substances are altogether opposite. No, no, he 
exclaims,—it is not by chemical affinities that 
life is to be explained |” 
He attempts to prove, by a series of very in- 
ye genious 
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genious experiments, that water is, in this case, 
if not the sole agent, at least the principal one, 
He observes that, by employing a bit of spunge, 
moistened with water, the different effects de- 
tailed in Humsoxpv’s experiments may be pro- 
duced; and expresses his persuasion that gal- 
vanism is nothing more than animal electricity, 
which has been long known, and latterly brought 
forward by Gatvani, Humgotprt, and others, to 
be again forgotten. It must be confessed that 
this is a very bold assertion. | 
“ It cannot be questioned,” says Prarr, “ but 
that vital chemistry, which appears to be the fa~ 
wourite object of the meditations of the physi- 
clogists of the présent day, has been elucidated, 
as well as greatly extended in its limits, by Hum- 
BOLDT’s experiments on the excitability of the 
muscles and nerves. he indefatigable zeal em- 
ployed by that writer, together with the sagacity 
and spirit of observation of which he has given so 
many conspicuous proofs, in a multitude of re- 
searches on physiology, must necessarily have 
led him to very interesting resylts. The infe- 
rences, however, which he draws from his expe- 
riments, as well as the explanation ‘he gives of 
the phenomena he has observed, are not invas 

yiably fixed on a solid basis.” 
The very remarkable effects produced by che- 
gical substances on the sensible and irritable 
fibre, 
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fibre, are, it would appear, susceptible of an ex- 
planation different from the one adopted by M. 
Humpoupt. It is for this reason that Prarr 
proposes another, which he thinks more just, 
and, at the same time, more coincident with the 
different phenomena of galvanism. The follow- 
ing are hisreasonings on this head, together with 
the experiments on which they are founded. 

‘“* A very important circumstance,” he observes, 
** to which Humsoxipt did not pay attention, in 
his experiments relative to the influence of che- 
mical substances, as exciters of irritability, is the 
effect of them as members of the galvanic chain. 
Among these substances may be enumerated the 


different alkaline substances, acids in general, the 


oxygenated muriatic acid in particular, and liver 


of suiphur. Ihave examined them, in the above: 


point of view, in a series of experiments, and 
have found several of them to be as efficacious 
links of the chain, and as powerful exciters’ of 
galvanism, as metallic substances themselves. 

‘© The table published by M. Humsotor, of 
the intermediate links of the chain of his boasted 
exciters and conductors of animal electricity, 
should be entirely altered, if it be intended to 
represent the scale of the conduéting and excit- 
ing forces of these substances, m whatever relates 
to galvanism. Liver of sulphur, the alkaline so- 
lutions, lime-water, and the oxygenated muriatic 

2 acid, 
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acid, ought to be ranked before all other sub, 
stances, metals and charcoal excepted, and imme 
diately after them. ‘The blood also should be 
considered as possessing a great degree of energy. 
I have convinced myself, by repeated experiments, 
made attentively, and with the most scrupulous 
exactitude, that alkaline solutions, lime-water, 
the oxygenated muriatic acid, and, more ‘parti- 
cularly, liver of sulphur, produce, when brought 
into reciprocal action, effects equally powerful 
_ with those of two heterogeneous metals; and 
that, in all the cases in which the recurrence of 
the contractions is ascribed to an increase of irri- 
tability, produced by a chemical action, it would 
be much better to ascribe this effect to the irri- 
tating property of these substances, as they con- 
stitute a part of the galvanic chain. 

“ ‘They form, in a manner, a series of metal- 
lic exciting arcs; and ought to be ranked among 
those which have the greatest affinity with metal- 
lic substances, that is, with zinc and lead. It is 
on this account that thei effects are so notice- 
able, when they are combined with gold, silver, 
and metallic minerals. ‘They are also very effi- 
cacious in. the reproduction of the contractions, 
when, mstead of being applied in an immediate 
way to the nerves, they are simply made to cor- 
respond with them by the means of conductors, 
The blood and the bile ought also to be compre- 
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hended in the same class, although their effecy 
may not be equally powerful. 

«* Tt is well known that it suffices, for the pro« 
duction of convulsive movements in a very irri- 
table frog, to employ a homogeneous metal, for 
instance a silver discharger, by which a commu- 
nication is formed between the muscles and the 
nerves. These convulsive movements are prin- 
cipally produced by the metals denominated 
noble; but, more especially, by metallic minerals, 
such as pyrites and galena, or sulphuric ore of 
lead. When I had formed a communication 
between the nerve and the prepared thigh of a 
frog, by the means of a bit of pyrites, the con- 
vulsions were produced, and were more _particu- 
larly manifested when that substance touched 
the blood-vessels belonging to the nerves. When 
a chain was established in the thigh, and the 
mineral substance and nerve had ceased to pro- 
duce any effect, the convulsions were re-produced, 
although feebly, by interposing in the chain a bit 
of moistened sponge, which formed, in a manner, 
a coating to the nerves. These effects were not 
usually, however, of any long duration. By 
moistening, afterwards, the nerve with a drop of 
blood taken from the frog subjected to the ex- 
permment, or, what amounts to the same thing, 
from any other, and afterwards touching the 
blood in question with a metallic exciter of sil. 

ver 
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ver or copper, placed on the thigh, very power- 
ful convulsions were instantly produced. 

‘** Here the susceptibility of irritation was evi- 
dently augmented by the moistening of the nerve 
with the blood. It was even so to such a degree, 
that a galvanic irritation of the feeblest kind became 
very powerfully augmented. This augmentation of 
the contra@ions was not, however, to be ascribed 
to an immediate influence of the blood on the 
nerve, and on the irritability, seeing that the same 
phenomena were manifested, precisely in the same 
way, when the blood, instead of being imme- 
diately applied to the nerve, was simply laid on a 
bit of sponge, or on any other conducting body, 
placed over it. ‘The success of the above experi- 
ments depended entirely on the immediate con- 
tac of the blood; since, whenever the nerve, or 
the sponge, was touched at the parts distant from 
it, the effeét did not ensue. To the presence of 
the blood ought more particularly to be ascribed 
the properties of animal substances, considered as 
members of the galvanic chain. 

‘¢ In this latter point of view, the heart of the 
frog, still replete with blood, displayed very sin- 
gular effects, at a time when the irritability was 
extinguished to such a degree, that certain hete- 
rogeneous metals, such as gold and silver, or sil- 
ver and copper, no longer produced any effect 
when brought in contact. I was enabled to re- 

produce 
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produce very forcible contractions, by placing the 
heart of a frog on its nerve, and by forming @ 
communication between it and the thigh of the 
animal, by the means of a metallic exciting arc 
either of gold or silver. In this manner I esta- 
blished a galvanic chain, in the composition of 
which one metallic exciter only was to be found. 
In another instance, it was very remarkable, that 
the moment the heart was touched, either by silver 
or by pyrites, it remained tranquil, notwithstand- 
ing the thigh of the animal was in a convulsed 
state, the regularity of the system of the pulsa- 
tions not being in any degree interrupted. Other 
parts of the frog, for instance, portions of its 
liver, its bowels, &c. which contain a less pro- 
portion of blood, did not possess an equal effi- 
cacy ; but the heart itself was surpassed by the 
blood presented in substance, and more particu- 
larly in a conerete state. It was surprizing to 
see the mode m which I could, by the means of 
a drop of blood, bestow on the nerve its vital 
energy; and also to observe that this drop of 
blood, without undergoing any sensible diminu- 
tion or change, still continued torender the same 

service. | 
‘© Whatever may be the effect, however, which 
the blood produces, it is still surpassed by the 
alkalis, by the oxygenated muriatic acid, and, 
mere particularly, by the liver of sulphur, when 
metallie 
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metallic exciters of the first class, that is, the 
minerals and noble metals, together with the 
other metallic substances, and the regulus of an- 
timony, cease to produce any effect, in conjunc- 
tion with the blood with which the nerve has 
been moistened. After having wiped it dry, and 
substituted to the blood a single drop of the de- 
liquescent oil of tartar, very powerful convulsive 
movements may be produced, “by a recourse to 
the above metallic exciting substances. ‘This 
galvanic chain, consisting of muscles, silver, py- 
rites, or regulus of antimony, and of an alkali 
and a nerve, is as efficacious as a chain formed 
by muscles, silver, iron, or tin, conjointly with 2 
nerve. The deliquescent oil of tartar may be 
considered as an active coating of the nerve, 


These phenomena present themselves agreeably 


to the same identical laws by which the metal- 
lic coatings of the nerves are regulated. In the 
above process, the deliquescent oil of tartar pos- 
sesses nearly the same activity, whether the nerve, 
without being moistened in an immediate way, is 
made to communicate with the muscles by the 
means of any conducting body whatever, or is 


immediately touched by the metallic exciter ap=” 


plied to the thigh of the animal, the exciter in 
question being a bent silver probe. 
‘** The following experiment merits a particu- 
Jar notice. I laid a portion of muscular flesh on 
3 the 
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the nerve of a frog, in the case of which two 
heterogeneous metals, silver and copper, had 
ceased to produce any effect, and having touched 
the nerve with a silver probe which was applied 
to the thigh, was not enabled to produce any 
contractions. I now poured a drop of the deli- 
quescent oil of tartar on the muscular flesh, and 
as soon as the silver probe was brought in con- 
tact with this alkaline substance, very strong 
convulsive movements were displayed. I laid 
another portion of muscular flesh on the pre- 
ceding one, and brought the exciter towards it, 
but without being enabled to produce the con- 
tractions. Scarcely, however, had this latter por- 
tion of muscle been moistened and touched, as 


7 


in the former instance, than they were renewed. © 
In this way I was enabled to form several layers 


of a different nature; and the effect above pointed 
out took place as often as the silver, or, what was 
still better, the pyrites and the regulus of anti- 
mony, came in immediate contact with the alkali. 
The nerve having been moistened with the deli- 
quescent oil of tartar, a very feeble galvanic irri- 
tation, produced either by gold and silver, or by 
silver and copper, became highly exalted, even 
when the convulsions had not been previously 
excited. Jt remains, however, to be ascertained, 
whether, in this case, the deliquescent oil of tar- 
tar did not act as the most efficacious coating of 

the 
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the nerve. It isin this way that silver and copper 
produce fresh contractions, when, after the nerve 
has been coated with zinc, and the thigh of the 
animal laid on silver, a communication is formed 
between them by the means of copper. In such 
a case, indeed, the effect is not owing to the 
joint operation of the copper and silver, but, on 
the other hand, to that of the silver and zinc, 
by which the humid animal parts are immedi- 
ately coated. Would not an effect exactly simi- 
lar be produced, if the nerve were to be moistened 
with the deliquescent oil of tartar? Does not 
this alkali, m surrounding the nerve, become a 
more efficacious coating than the zinc ; and, on 
the application of feeble exciters, such as copper 
. and silver, does not the zinc itself a¢t more pow= 
_erfully by the means of the alkali, with which it 
is simply connected by the copper, as an inter- 
mediate condué¢tor ? . 

«« These doubts are very far from being re- 
moved by M. Humsotpt’s experiments. Sup- 
posing the deliquescent oil of tartar to act by 
producing an augmentation of irritability, this 
effect ought also to be produced when the nerve 
has been carefully dried, before the application of 
a weaker galvanic irritation ismade. ‘This, how- 
ever, is what I have not found in any of my expe- 
riments. M. Humsoxpr constantly applied his 
weakest exciters, while the nerves were still 
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moistened with the deliquescent oil of tartar, or 
with any other chemical substance calculated to 
augment the susceptibility of irritation. On this 
head, let the different parts of his work in which 
he treats of the increase of this susceptibility by 
the alkalis, be compared. He sets out by say- 
ing: J shewed the galvanic flashes to several per- 
sons who could not perceive them in the experi- 
ment made by Mr. G. Hunrer, by rubbing their 
gums, on the upper jaw, with an alkaline solution: 
Two pieces of gold, applied to wounds on the back, 
were found to possess great efficacy, when the 
wounds had been touched with the deliquescent oil 
of tartar. A little further he observes: When 


the principal trunks of the nerves of an organ of | 


wnovement are carefully prepared, and enveloped 
in moist bits of bladder, in such a way as that the 
irritating humidity simply moistens the muscular 


flesh, and the few fine nervous filaments it contains, | 


an incréase of irritability is rarely observed; at 
the same time that it is constantly produced, when 
the above principle trunks are moistened beneath 
the muscles. Again, he says in the following 
page: The vital principle will be restored in the 
thighs of frogs exhausted by galvanic experiments, 
by the means of the oxygenated muriatie acid, in 
such a way as that the irritation of metals will 
again produce its effect. It is remarhable, that 
the contraclions become more powerful, when a 
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great portion of the nerves is moistened, and 
touched in a direét way by the silver. Such are 
the extracts I have chosen to cite from Hum- 
BoLD?T’s work. Now, let it be observed that, in 
all the above cases, and more particularly in the 
experiments relative to the influence of chemical 
substances on the irritability of the animal fibre, 
the nerves were constantly moistened by these 
substances. They must consequently, whenever 
the metals were applied, operate likewise as links, 
or numbers, of the galvanic chain. The con- 
sequences must therefore be uncertain at the 

Teast. 
J could not observe any remarkable diffe- 
rence in the alkalis, considered as links of the 
galvanic chain. The deliquescent oil of tartar 
appeared, however, to be somewhat more effi- 
cacious than the other substances of this nature. 
The effects of lime-water were not so powerful : 
it appeared, as it were, to preserve a medium be- 
tween the alkalis and the substances to which an 
inferior degree is assigned. ‘The oxygenated mu- 
riatic acid appeared to me to be pretty nearly as 
active as the deliquescent oil of tartar. In a few 
cases only the latter fluid produced spasmodic 
contractions of a longer duration. I observed 
likewise, in several instances in which I employed 
the oxygenated muriatic acid, a phenomenon 
which the metallic coatings of the nerves had 
Zz often 
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often displayed, namely, that the contractions 
were manifested at no other time than when the 
contact of the nerve, moistened with a drop of 
the oxygenated muriatic acid, ceased. Here, 
likewise, the effects seem to depend entirely on 
the immediate presence and application of the 
oxygenated muriatic acid. As soon as a drop of 
this liquid is poured on a portion of muscular 
flesh, laid on the nerve, the inovements are in- 
variably reproduced.” 

Having entered into this detail of the objec- 
tions of M. Prarr to the theory of Humgo.pr, 
we shall proceed to the analysis of a very curious 
memoir, read by M. Lenor at the French Na- 
tional Institute. Its object is to demonstrate 
particularly, not only the cireulation of a very 
subtile fluid in the galvanic chain, but lhkewise 
that, in the application of the different chains to — 
the animal arcs, there are unequivocal signs of — 


the direction of the motion of that fluid, inso- 
much that it is possible to determine a priorz, in 

a considerable number of. different chains, the 
direction of the current. Being acquainted with 
this direCion, as well as with the nature of the 
different parts of the chain, the author of the 
memoir m question observes, that it 1s recipro- 
cally possible, in certain cases at least, to. deter- 
miné their respective position; and also, by the. 
interposition of new substances in the chain, or 


by 
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by a change in the disposition of the parts of | 
which it is composed, to give a particular direc-_ 
tion to the galvanic fluid, and even to bring it 
into a state of repose. 

The comprehension of these phenomena is 
connected with a fact which seems to have’ 
escaped the notice of the different physiologists, 
namely, that the galvanic fluid is accumulated in : 
the passage from the organs to the coatings. 
By a due attention to this fact, the nature of 
the metallic substances may likewise be distin- 
guished at the distance of several yards. The 


galvanic influence will be sufficient to deter- 
mine this. The following are the principal re-. 
sults of the | experiments made by 
Pot. Lenor. 


Experiment 1. If the thigh of a frog recently 


_ prepared be held in one of the hands, and the 


nerve be brought in contaét with a piece of zinc, 
the extremity of which is immersed in mercury, 
the moment the fingers of the other hand are 
dipped in that fluid, powerful contra¢tions will be 
manifested in the thigh of the animal. The 
same result will be obtained as often as one of 
the following substances, namely, zinc, lead, tin, 
mercury, bismuth, copper, silver, or plumbago, 
be employed as a coating to the fingers; and one 
ef those by which it is preceded in the foregoing 

Z3 series 
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series, as a coating to the nerve. With respect 
to the precaution of moistening the fingers, it is | 
absolutely indispensable, for which reason, when- 
ever they are described as terminating one of the 
extremities of the arc, they are to be constantly 
supposed to be in a humid state, 

Experiment II. If, on the other hand, the 
nerve be brought in contact with the mercury, 
and if that metal be touched with a piece of zinc, 
held in the moistened hand, either the contrac- 
tions will not be produced, or they will be ex- 
tremely feeble, provided there still be a certain 
share of susceptibility inthe part. By separating, 
however, the nerve from the mercury, or, in © 
general, by breaking the chain at any given point 
whatever, the contractile movements will take 
place. The same results will be obtained, as 
often as one of the metals belonging to the se- 
ries pointed out in the preceding experiment, be 
employed as a coating to the fingers; and one of 
those by which it is followed in that series, as a 
coating to the nerve. Thus, if the nerve be 
coated with lead, and the fingers with zinc, there 
will not be any contraction when these two me- 
tals are brought in contact; but if the chain be 
destroyed at any given point, the contractions 
will be manifested. But if, on the other hand, 
the nerve being still coated with lead, the fingers 

be 
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be coated with silver, when the chain is formed, 
the galvanic contractions will take place *. 

Experiment I. If a flat surface of zinc be 
laid on the tongue, and touched with a piece of 
silver, held between the moistened fingers, a par-_ 
ticular savour will be instantly perceived. Much, 
has been said on the subject of this phenomenon, 
but it has been no where noticed, that it likewise 
takes place whenever the tongue is coated with 
any one of thé metallic substances pointed out in 
experiment the first, and the fingers with one of 
those by which it is followed in the series. If, 
however, after the chain has been formed, it be 
interrupted, the savour will be no longer mani- 
p teat. 

Eaperiment IV. lf a piece of silver be laid 
on the tongue, and a portion of zine be held 
between the moistened, fingers as soon as the 
latter is brought in contact with the silver, there 


* These experiments, which succeed perfectly well with’ 
the mercury, without any particular precautions, require great 
circumspection in obtaining determinate results with the other 
metallic substances. Jt is not only necessary that the suscep- 
tibility shou'd be weakened in a very great degree, and, that 
there should not be any communication between the coating of 
the nerve and the muscle, unless by the nerve itself; but it is 
likewise essential to prevent the kind of oscillatory movement 
which communicates itself to the parts of the chain, by the 
hand by which the contact is established, 
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will not be any distinguishable sensation, or, at 
the least, it will be very slight. As often, how- 
ever, as the chain is interrupted in any given 
point whatever, the savour will be perceptible, 
It will not in this case be so strong as in the pre- 
ceding experiment, and will be more slowly com~- 
municated. 

The same result will be obtained, as often as 
one of the metals pointed out in the first experi- 
ment is employed as a coating to the tongue, 
and one of those by which it is preceded in the 


list, as a coating to the fingers. Thus, by . 
coating the tongue with lead, and the fingers — 
with zinc, and by bringing the two metals in 
contact, the savour will not ensue; but, by in-. 


terrupting the chain at any given point, it will 
be very perceptible. On the contrary, if, the 
tongue, being still coated with the lead, the fin- 
gers be coated with silver, instead of zinc, and 
the chain established, the sensation will be in- 
stantly perceived. 


Experiment V. If the thigh of a frog be laid - 


on a plate of silver, and the nerve on a surface 
of zinc or lead, the moment the coatings are 
brought in contact, powerful contractions will be 
produced, The same thing will happen when- 
ever the coating of the nerve is made to consist 
of a metal selected from among those which are 


pointed out in experiment the first; and that of. 
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the muscle, of another metal following it in the 
series. 

Experiment VI. Tf the muscle be armed with 
zinc, and the nerve with silver, the contractions 
will not ensue until the moment the chain is in- 
terrupted. ‘To the end, however, that the re~ 
sult of this experiment may be decisive, the pre- 
cautions pointed out in the note to the second 
experiment, ought to be strictly adhered to. 
When portions of copper, iron, bismuth, and 
lead, are substituted to the silver, the same re- 
sults are obtained. 

In the first, third, and fifth of the preceding 
experiments, it must have been observed, that 
the phenomena were manifested. the moment the 
galvanic circle was formed. ‘Lhe fluid contained 
in the parts of the chain was put in motion, and 
penetrated instantly either to the tongue or to 
the nerve. By reversing the chain, a contrary 
direction must have been given to the current, 
seeing that the phenomena which were mani- 
fested in the second, fourth, and sixth experi- 
ments, that is, those in which the galvanic in- 
fluence was not perceptible until the instant 
when the chain was interrupted, were to be 
ascribed to a portion of the’ fluid, accumu-.« 
lated either in the tongue or in the nerves, 
at the points of contact of these organs 
with their coatings. Now, to the end that 

the 
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the fluid should have been thus accumulated, it. 
was necessary that it should have penetrated the 


above organs in the direétion of the muscle to- 
wards the nerves, or of the fingers towards the 
tongue. It is thus demonstrated, that the aecu- 


mulation of the fluid is a sure characteristic of. 


the direction of the current, by the help of which 
it may in all cases be determined. 

In conformity to the experiments which have 
been detailed above, and to the galvanic facts 
already known and established, it would ap- 
pear that the following principles may be laid 
down. 


ist, That all exciting substances contain the 
galvanic fluid ; but that its quantity is very in- 


considerable in humid substances, and in the or- 


gans of animals, which have a very small capa- 


city for that fluid, when compared with metallic 
substances, 

adly, That, when two exciting substances are 
brought together, a new distribution of the gal- 
vanic fluid takes place; the substance which has. 
the least capacity losing a portion of the fluid, 
on which the other substance seizes. Metalhe 
and carbonated substances, disposed in the fol- 
lowing order—zine, lead, tin, mercury, bismuth, 
copper, stlver, and plumbago, act in such a man- 
ner as that any one of them, when brought in 
conta& with one of those by which it is follow 
: ed, 
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ed, seizes on a portion of the fluid the latter 
contains. dees 

3dly, When the galvanic fluid penetrates the 
tongue, in directing itself from its extremity to- 
wards its root, it causes in the latter part a par- 
ticular savour, which is more or less strong, ac- 
cording to the greater or less quantity of the 


~ fluid, and to the susceptibility of the organ. But 


when its direction is such, that it tends to flow 
out of the animal arc by the tongue, it occasions 
a much weaker savour, which ditfers from the. 
former in proportion as the quantity of the fluid, 
put in motion, is less. As the fluid, however, 
finds some difficulty in quitting the tongue, it 
partly accumulates in that organ; and when the 
cause which has given rise to this accumulation 
ceases, then the fluid, in returning towards the . 
root of the tongue, occasions there the galvanic 
savour in question. 

Athly, When the galvanic fluid, distributed 
by the nerves, penetrates into the muscular sub- 
stance of the organs of living animals, recently 
separated from the animals themselves, contrac- 
tions are produced in the parts it permeates. The 
susceptibility being exalted, if the fluid inherent 
in the organ, should, from any cause whatever, 
be unequally distributed, and accumulated at the 
particular points, muscular movements will en- 
sue. But if the susceptibility is weakened, the 

~- CONtrage. 
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contraGions can no longer take place, unless 
by the aid of a fluid extraneous to the organ. 
At the earliest stage of the diminution of the 
susceptibility of the organs, the contractions are . 
displayed, whatever may be the direction of the 
fluid by which they are permeated. But when 
the susceptibility is weakened still more, the 
direction of the current ceases to be indifferent. 
When the fluid is direéted in such a way as to 
pass from the nervous ramifications to the nerves 
themselves, the contractile movements are much 
weaker than when it receives a contrary direc- 
tion; and in the former case a portion of the 
fluid becomes accumulated. at the point where 
it has a tendency to flow out from the nerve, 
This accumulation, and this difference in the 
effect of the current, by which the organ is 
penetrated in one direction or in another, are 
greater in proportion as the susceptibility is less, ° 
and as the quantity of the fluid, put in motion, 
is smaller. Thus, when the susceptibility is 
greatly enfeebled, notwithstanding the contrac- 
tions may ensue, when the fluid penetrates into 
the organs, in the dire@tion leading from the nerve 
to the muscle, they cease altogether when it per- 
meates them in a contrary dire@tion, it being then 
almost completely accumulated in the organ. 
The cause which has given rise to this accumu- 
lation having ceased, the fluid returns into its 
ACCUS=: 
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accustomed channel, and, having penetrated the 
organs in the most favourable direction, occa- 
sions in them the.muscular movements. 

5thly, If a communication be established be- 
tween two points of an animal organ, with the 
help of a chain composed of different substances, 
disposed in such a way as that it may not be 
symmetrical, relatively to the nature of the parts 
of which it is composed, the fluid being unequally - 
solicited on the one hand and on the other, puts 
itself in motion, and forms a current directed to- 
wards the preponderating force. 

Othly, If all the parts of the chain, by which 
© communication is established between “two 
points of a system of organs either nervous or 
muscular, be reversed, a current will be pro- 
duced having a contrary direction to the former. 

7thly, When the chain is symmetrical, rela- 
tively to the nature of the parts of which it is 
composed, the fluid, being equally solicited on 
all sides, will forbear to display any movement. 

8thly and lastly, When a chain which is cal- 
culated by its nature to give motion to the gal- 


vanic fluic , is destroyed, that is, when an in- 
sulating body is interposed, the fluid which had 
been accumulated in the organ by the formation 
of the chain, returns to its pristine situation, 
and a current is formed in a contrary direction to 


the first. 
These 
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These principles, which form the basis of the 
theory of galvanism, are likewise confirmed by 
the following experiments : 

Erperiment VI. If a thigh of a frog be held 
im one of the hands, and the nerve coated with 
zinc, at the same time that the person who makes 
the experiment has his tongue armed with silver, 
the thigh of the frog will contract as soon as 
the two metals are brought in contact; but the 
experimenter will not be sensible of any savour, 
or of avery slight one at the most. By inter- 
rupting, however, the chain, he will perceive a 
very distinct savour, and the thigh of the frog | 
will cease to contract. If, on the other hand, he 
coats his tongue with zinc, and the nerve with 
silver, the savour will be manifested at the mo- 
ment of the contact; and the thigh, provided 
its incitability has been weakened, will preserve 
a state of perfect immobility. 

By the isterruption of the chain, the mus- 
cular movements will be again apparent, without 
any manifestation of the savour. It will appear 
that this ought necessarily to happen, when it is 
considered that, as soon as the chain is formed, 
the current of the fluid takes a direCtion from 
the silver to the zinc, and haying penetrated in 
a direct and immediate way into the nerve, pro- 
duces contraStions in the muscle, at the same 
time that it crosses the body of the person by 
| | whom 
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whom the experiment 1s made, and accumulates 
on his tongue, without his being sensible of any 
particular savour. When, however, the chain 
is interrupted, the accumulated fluid returns to 
the paris it had guitted, and the savour on the 
tongue becomes manifest. If the tongue be 
coated with zinc, and the nerve with silver, the 
current beimg impelled in a contrary direction, 
the phenomena whici take place are diametrically 
opposite. 

Experiment VIII. If two persons, holding 
each other by the hand, arm the tongue, one of 
them with zinc, and the other with silver, as 
soon as they bring the two metallic substances 
in contact, the one who has the tongue coated 
with zinc is sensible of the savour; but this does 
not happen.to the other. If they afterwards 
separate the zinc from the silver, the one who 
felt the savour at the time when the chain was 
formed, will cease to be sensible of it on its be- 
ing thus interrupted; at the same time that it 
will be rendered manifest on the tongue of the 
other. 

Experiment UX. Finally, the animal arc may 
be terminated by two nerves. ‘Thus, by placing 
the two thighs of a frog on a plate of glass, and 
establishing a communication between their mts- 
cles, by the help of a flat piece of metal, coating 
at the same time the nerve of one of them with 
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zinc, and the other with silver, the thigh which 
is armed with zinc, will contract the moment a 
communication is established between the two 
coatings, by the means of a rod of zinc or silver; 
the incitability of the other thigh having been 
weakened, the limb will remain motionless. By 
interrupting the chain, however, the muscular 
movements will be displayed in the latter, and 
the former will resume a state of repose. 
Experiment X. The same disposition being 
made as in the second experiment, and the chain 
established, if a given point of the muscle be 
brought in contact with the mercury, without 
deranging the contact of the nerve; orif a coms 


munication be established between the muscle 


and the mercury, or between the musele and the 
zinc, by the means of a metallic substance, the 
muscular movements will be instantly manifested. 
These phenomena are occasioned by the fluid 
accumulated at the point of contact between the 
nerve and its coating, which fluid returns into 
the muscle, and there gives rise to the contractions. 
This is proved in the following manner: If, 
while the communicating metallic substance still 
touches the muscle and the mercury, or the mus- 
cle and the zine, the latter be detached from 
the mercury, the contractions will not ensue, 
as would have happened if the fluid accumulated 
by the original chain, at the point of con- 
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tat of the nerve and its coating, had remained, 
there. 

Experiment XI. If the thigh of a frog, pre- 
pared in the customary manner, be held in one 
of the hands, and the nerves, as well as a few 
points of the muscle, be brought in contact with, 
the mercury, the moment that fluid is touched by | 
a bar of zinc, held in the other hand, previously 
moistened, violent contractions will be produced 
in the limb of the animal. This experiment 
consequently presents phenomena entirely diffe- 
rent from those which were the result of the 
second experiment. The fluid, instead of having 
been accumulated in the nerve, appears to have 
flowed out by the muscle, and to have there 
occasioned the contra¢tions. Such a degree of 
-incitability may be induced, that the contractions 
may be altogether subdued by the double con- | 
tact of the nerve and the muscle, as well in form- 
‘ing as in interrupting the chain, 

Experiment XII. If, the same disposition hav- 
ing been made as in the sixth experiment, not 
only the nerve, but likewise the muscle, be made 
to touch the piece of silver, leaving it, however, 
jn constant contact with the zinc, violent con- 
tractions will be manifested as soon as a com- 
munication is established between the zine and 
silver, by the means of a conducting substance. 
By substituting to the silver, either copper, plum- 

i pom. Aaa bago, 
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bago, or lead, the same phenomena will be ob 
tained. 

‘The current which is formed in a chain com- 
posed of three metallic substances, is constantly 
directed towards the extreme metal stationed in 
front of the metal at the other extremity of the 
chain. The direction of the current cannot there- 
fore depend,.in any degree, on the metal by 
which the middle space is occupied. 

In a chain composed of metallic and humid 
substances, where there are only two or three 
heterogeneous metals in immediate contact, the 
current is directed in the same way as it would 
be, if these metals were to be regarded as inde- 
pendent of the rest of the chain. , 

_ Effect of a chain composed of three sub- 
stances of the first class, and one of the second 
class, followed by considerations on homogeneous 


metallic coatings. Having placed a thin plate of 
zinc at the bottom of a vessel filled with water, 
and brought the tongue in conta¢t with the ex- 
tremity of a bar of tin, the other extremity of 
which is made to touch the plate of zinc; if 
another bar of the same metal, of the same di- 
mension with the preceding one, be held in one 
of the hands, and its extremity plunged in the 
water, there will not be any perceptible savour. 
In reality, the current is, in this instance, di. 
rected in such a way as to pass through the 
fingers, 
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fingers, crossing the body of the person by whom 
the experiment is made, to accumulate itself on 
the tongue. But as soon as the second bar of 
tin is plunged more deeply in the water, so as to 
touch the zinc, the savour becomes perceptible *. 
This phenomenon, which had not hitherto been 
noticed, is, according to M. Leuor, a natural re- 
sult of the principles he has laid down. By 
bringing, he observes, the second bar of tin in 
contact with the zinc, a symmetrical chain is 
formed, of such a nature, that the fluid it con- 
tains must necessarily be in eguilibrio. Conse- 
quently, the quantity of the fluid which had been 
accumulated. in the preceding disposition, must 
unavoidably have been dispersed, and have occa- 
sioned the sensation or savour which was noticed: 
On detaching the bar of tin from the plate of 
zinc, without taking it out of the water, the sen- 
sation ceases to be perceptible, on this account, 
that a current is formed which 1s directed in such 
a way as to penetrate the fingers. If the bar of 
tin be withdrawn from the water, the savour will 


+ 4f, instead of bringing the second bar of the: tin in con- 
tact with the zinc, a communication be established between 
each of the bars of that metal, by the means of a communicat- 
ing metallic substance, the savour will be manifested, in conse- 
‘quence of the formation of a symmetrical ic by which the 
‘equilibrium is re-established. 
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be perceptible, in consequence of the dispersion 
of the accumulated fluid. 

Thus, to render a chain symmetrical, or to 
destroy it by the interposition of an insulating 


substance, will have the same effec relatively to 


the motion of the galvanic fluid. By the explana- 
tion which has just been given, it seems evident, 
that if, instead of rendering stationary the bar 
which touches the tongue, and moveable, the one 
which is held in the hand, the operation be per- 
formed inversely, the savour will be felt in con- 
trary circumstances; seeing that the current 
will, in every such case, take an opposite direc- 
tion. | | 

When. the extremity of the moveable bar is 
plunged in water, the one which is held in the 
moistened hand being fixed, and in contact with 
the plate of zinc at the bottom of the vessel, the 
sensation is perceptible on the tongue. But if 
the former be plunged still deeper, so as to be 
brought to touch the zinc, the savour will be 
no longer manifested. On detaching it from the 
plate of zinc, without, however, withdrawing it 
from the water, the sensation is again produced ; 
but ceases as soon as the bar is taken out of the 
water. 

If the extremity of each of the two bars of tin 
be laid on a particular point of the tongue, the . 
savour will be felt at the extremity of the moye- 
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able bar, the moment its* other extremity is 
plunged in the water, that of the fixed bar being 
in contact with the plate of zinc. Secondly, by 
plunging the moveable bar still more deeply in 
the water, and bringing it in contact with the 
plate of zinc, the savour will be felt at the point 
of the tongue where it is touched by the other 
bar. Thirdly, the instant either of the bars is 
separated from the plate of zinc, without being, 
however, taken out of the water, the galvanic 
savour will be distinguishable at its point. Lastly, 
the one which was stationary in the first instance, 
still continuing so, if the moveable one be taken 
out of the water, the savour will be felt at the 
extremity of the former. 

From the principles which have just been laid 
down, it is not difficult to conclude that, if a me- 
tal taken from the given series be emploped as a 
bar, and one of those by which it is followed in 
that series, as a communicator plunged in water, 
the phenomeria which take place in the preceding 
experiments will be entirely changed. Conse- 
quently, the cases in which, in the first and se- 
cond of the above experiments, the sensation was 
manifested, are precisely those in which there 
should, not be any sensation, under the circum- 
stances above stated; and vice verst. Ii also 
follows that, in the third experiment, the cases in 
which the savour was perceptible at the extremity 
Aa3 OF 
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of the moveable bar, are those in which, under - 


these circumstances, it should be felt at the ex- 
tremity of the fixed bar, and vice versa; the 
eurrent then invariably taking a contrary direc- 
tion. 

Having placed the nerves of the thigh of a 
frog on a plate of tin, terminated by a small 
cavity filled with water, and the muscles on ano- 
ther plate of tin exactly similar, if one of the ex- 
tremities of an arc of zinc be brought in contact 
with the bottom of the. cavity formed in the 


coating of the nerve, and if the other extremity 
of the arc be immersed in the water contained in 


the cavity of the coating of the muscle, the sus- 
ceptibility of the organs will be found to be such, 
that the contractions will not ensue. By plung- 
ing the communicator, however, still more deeply 
in the water, in such a way as that it may touch 
the bottom of the latter of the above: cavities, 


the contractions will be instantly manifested in 
the animal arc*. Having afterwards detached 


the arc of zinc from the bottom of the cavity 


of the coating of the nerve, without, however, 


withdrawing it from the water, the organ be- 
comes motionless; but, as soon as the arc ceases 


* By establishing a communication between the two plates 
of tin, by the means of a metallic substance, the same effect 
is produced. 
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to be immersed in the water, it being at the same 
time still in contact at its other extremity, the 
contractions are again produced. This experi- 
ment was frequently repeated by our author, and 
was constantly attended by the same result. In 
the latter instance, however, the contra@tions were 
invariably weaker than in the former *, 

If the arc of zinc be brought in contact with 
the coating of the muscle, at the same time that 
its other extremity is plunged in the cavity of the 
coating of the nerve, the thigh of the frog will be 
forcibly contraéted. By immersing it still deeper, 
so as that it may reach the bottom of the cavity, 
the contractions will cease. In detaching it, the 
muscular movements are usually perceptible; but 
there are occasions in which the organ remains 
motionless. | 

~ The same results will be obtained as often as 
a more powerful metal is employed, to establish 
a communication between two homogeneous | 
coatings, formed of a weaker metal. If coatings 
of a metallic substance possessing a greater capa- 
city, be employed in conjunction with a commy- 


* To the end that these experiments may constantly succeed, 
it is necessary to be very careful to employ organs the suscep- 
tibility of which has. been weakened. The contractions will 
otherwise be manifested in each of the four cases of the above 
experiments, 
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nicator, or arc, which has a less capacity, the 
effects which will be produced will be diametri- 
cally opposite. — | 
The experiments which have been thus de- 
tailed, lead to a very singular result, namely, that 
one metal may be distinguished from another, 
without being either directly seen or felt. In 
reality, by composing a chain in such a way as 
that it may be terminated by one of the metals 
described above, a current being formed which 
takes a particular direction, totally different from 
the one which it takes when the chain is ter- 
minated by another metal, it is easy to recognize 
any one given metallic substance. In this way 
M. Lexor was enabled to distinguish a portion 
of zinc from a piece of silver, at the extremity of 
metallic threads several yards in length. . 
_ Qur author’s memoir is terminated by an ex- 
position of the means which may be employed, 
to augment the effect of each of the chains ,to 
which his inquiries were directed. If several 
analogous chains, consisting of two metals, be 
united by humid substances, and disposed in 
such a way as that they should all equally tend 
to give the same direction to the fluid, these 
partial chains, acting independently of each 
other, will each of them put in~- motion the 
quantity of fluid it would have acted on, had it 
been alone. Consequently, these collective chains 
ie will 
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wil give motion to a greater quantity of the 
fluid, than any partial chain; and this will take 
place, in an augmented ratio, according to their 
number. ; 

In a chain formed of analogous metallic arcs, 
connected by humid substances, and composed 
of two metals, the current is directed towards 
that particular ‘metal which precedes the other, 
if the arcs be formed by a succession of three 
different metals, the current takes such a direc- 
tion as it would assume, provided there were 
in each of the arcs the two extreme metals 
only. 3 

If a brass wire be attached to each of the 
extremities of chains formed by a. succession of 
arcs, consisting of zinc, copper, and a humid 
substance; of zinc, plumbago, and a humid 
substance; of zinc, lead, and a humid sub- 
stance; or of lead, plumbago, and a humid 
_ substance ; and if the circle be closed by plung~ 
ing the two extremities of the brass wires in 
water impregnated with the nitric or sulphuric 
acid, in such a case the extremity of the wire 
which is attached to the least potent metal, will 
be covered with a layer of copper, at the same 
time that the other wire will be dissolved. This 
phenomenon has been repeatedly noticed in gal- 
vanic experiments, and is merely mentioned here 
to shew that, in this case also, there is a con- 

stant 
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‘stant relation to the direction of the current of 
the galvanic fluid; a fact which our author has 
- principally aimed to establish. He expresses his 
conviction that he has sufficiently developed the 
Jaws of the motion of that fluid. 


CHAP. 


( 363 } 


CHAP. XI. 


Report made to the French National Institute by | 
M. Hatte—The composition of the animal and 
exciting arcs considered under its various modi- 
fications—The theory of Voutta combated— 
Experiments made by Humpoipt in the pre- 
sence of the Commissaries of the Institute. 


TOWARDS the close of the year 1798, a 
commission was appointed by the French Na- 
tional Institute, to examine the different galvanic 
experiments which had been made, and to ascer- 
tain their effects and results. The commission 
was composed of the most distinguished French 
physiologists, aided by the celebrated Vewrunt 
of Modena, and, in one particular part of its 
researches, by M. Humsoup‘r, with whose pro- 
found physiological knowledge our readers have 
already been made acquainted. The following 
is an analysis of the report, which was drawn up 
by M. Hatte. 

It sets out by observing, that, to produce the 
“effets which characterize the animal property 
called galvanism, it is necessary, in general, to 
establish, by the means of galvanic instruments, 
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a communication between two points of contac, 
at a greater or less distance from each other, in 
a series of nervous-and muscular organs. It re- 
sults from hence, that the entire system of this 
communication represents, at the moment of 
action, a complete circle, divided into two por- 
tions, the intersections of which are at the two 
points of contact; one of these portions being 
formed by the organs of the animal, by which 
the influence ‘is to be received, and the other 
depending on the instruments, by the means of 
which this influence is produced. These two 
portions of the complete circle are denominated 
in the report, the former the animal arc, and 
the latter the exciting are. Relatively to the 
exciting arc, it ought to be observed, that it 
usually consists of several distinct portions, some 
of which, being placed beneath the parts of the 
animal between which a communication is to be 
established, are called coatings, supports, &c. ; 
and the others, which are intended to produce 
the communication, by their continuity with the 
former, are denominated communicators. 

It'is on these considerations that the report 
of the experiments made by the commission is 
divided mto six articles. In the first, the result 
of the various combinations and dispositions of 
the parts,of which the animal arc is composed, 
is investigated. ‘he second contains an exposi- 

tion 
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tion of what the commission had observed, re- 
latively to the nature and respective dispositions 
of the exciting arc. The third describes the most 
remarkable circumstances, relatively to the phe- 
nomena extraneous to the composition of either 
part of the galvanic circle, the influence of which 
had either determined, varied, or counteracted. 
the success of the experiments. ‘The fourth ar- 
ticle contains several trials on the means proposed 
to vary, enfeeble, or re-establish the susceptibility 
of animals, in galvanic experiments. In the 
fifth a small number of experiments are brought 
together, the aim of which was to subject to a 
rigid comparison, the relations which several na- 
turalists had conjectured to subsist between the 
galvanic and eleciric phenomena. Finally, .the 
sixth article details the experiments repeated by 
M. Humeotpr in presenceof the commission, 
which, when compared with those that had been 
precedently made, were found to present several 
important modifications. 

Each of the above articles contains the reflec- 
tions to which the experiments it contains gave | 
‘rise, and the consequences which were naturally 
to be drawn from them. ‘The following are the 

principal results. i 
In discussing, in the first article, the subject 
of the essential parts of the animal arc, in the 
galvanic circle, and of the dispositions of these 
parts, 


366 GALVANIC EXPERIMENTS MADE IN PARIS. 


parts, relatively to each other, the reporter, M. 
Ffanze, enters into a detail of the experiments 
made on the different relations between the 
nerves and the muscles in which they are distri- 
buted ; of those in which the nerves were tied 
or cut, the hgature or the section being com- 
prised between the extremities of the arc; of 
those made on the nerves, which, having been 
taken from different parts, and from different 
animals, had been brought together and united 
im the same arc; of those made on the nerve 
alone, or on the muscle alone, comprised be- 
tween the extremities of the exciting arc; of 
those in which bits of flesh, &c. were interposed 
in the animal arc ; and, finally, of the experi- 
ments made on animals in their entire and un- 
prepared: state. The conclusions drawn from 
the aggrerate mass of these experiments are 
eleven in number, and are briefly as follows : 

Ist, The animal arc may be formed either by 
nerves and muscles contiguous to each other; or 
by nerves alone. | 

adly, Its essential part must consequently re- 
side in the nerve. 

3dly, All its parts ought, in general; to be 
continuous or contiguous to each other. ! 

Athly, It is not interrupted by the setion, or 
by the ligature of a nerve, provided the parts 
tied or divided are contiguous to each other. 


5thly, 
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 sthly, The diversity of the parts brought ta-' 
gether in the formation of the animal arc, does 
not prevent its entireness, provided there be a. 
contiguity between all the parts. 
- Othly, This entireness, when destroyed, may 
be re-established by the interposition of a variety 
of non-animal substances, and more especially 
by metals, provided the contiguity of all the 
parts be invariably maintained. a 
7thly, The muscular organs are soristanaly 
those in which the nerves comprised in a com- 
plete animal arc are definitively terminated. It 
results from hence, that the muscles which are 
affected, are invariably those that answer to the 
extremity of the arc most distant from the origin 
of the nerves of which it is composed. 

8thly, When the origin of all the nerves with 
compose the animal arc, is brought towards one _ 
of its extremities, the muscles alone which an- 
swer to the other extremity, are — to the. 
galvanic convulsions. 

Qthly, When an animal arc is composed of 
several different systems of nerves, the origins 
of which correspond with the middle of the are, 
the muscles of each of these systems are equally 
acted on, at its two extremities. 

10thly, Several of the experiments which were 
made by the commission, tended to demonstrate 
the fallacy of the opinion of those who ascribe. 

the 
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the galvanic phenomena to the concurrence of 
wo different and corresponding influences, on 
the part of the nerve and of the muscle. Their 
results manifested, that the above physiologists 
had formed an erroneous judgment, when they 
compared the relations subsisting between the 
nerve and the muscle, in the phenomena of gal- 
vanism, to those of the internal and external 
coatings of a Leyden phial. 

1ithly and lastly, The covering of the epi- 
dermis, in entire and unprepared animals, is an 
obstacle to the development of the effects of 
galvanism. When, in consequence of its ex- 
treme tenuity, it does not imterrupt them alto- 
gether, it weakens them in a very sensible man- 
ner. 

The second article of the report treats of the 
parts of the exciting arc, and of their relative 
nature and dispositions. It is divided into seven 
sections, the first of which contains the experi- 
ments made with metallic substances, according 
to their nature and diversity, the exciting arc 
being formed of two or three different metals, or 
of a still greater number, but invariably diffe- 
rent; of two metals in two or three portions; or 
of a single metal. Next follow the experiments 
made with metallic alloys, in different propor- 
tions; with amalgams; with different metallic 
combinations ;* with various kinds of mineralized 

metals ; 
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metals ; and, with their oxyds. Lastly, the trials 
were made with metals rubbed against each other, 
and with carbures, sulphures, phosphures, and 
metallic oxyds, introduced as coatings into the 
arc, | 
The second section describes the experiments 
made with charcoal and carbonated substances, 
which, next to metals, merit a particular notice, 
relatively to their use in the formation of the 
exciting arc. The employment: of idio-ele@rie 
substances in the above arc, namely, of jet, as- 
phaltes, sulphur, amber, sealing-wax, thediamond, 
and basaltes, the result of the trials on which 
forms the subject of the third section, constantly 
tended to intercept the galvanic phenomena. 
Air was produétive of the same effect. Water, and 
humid substances in general, which are considered » 
in the fourth se¢tion, when employed inter- 
mediately, in establishing the communication, 
etermined by their interposition, in a very re- 
markable manner, the galvanic effects. In the 
fifth section an account is given of the experi- 
ments made with the animal substances by which 
the exciting arc was formed; and tbe sixth sec- 
tion describes the experiments relative to the ex- 
tent of the surfaces of the parts of the arc in 
question. ‘These experiments demonstrated that, 
in these intermediate ‘substances, the augmenta- 
tion of their extent, and more particularly of 
GOs Fi BD their 
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their surface, produced a very sensible difference 
in the intensity of the effe¢. The seventh 
section treats of the relations of the exciting fa- 
culties, between the different parts of the ex- 
citing arc. . 

The reflections made by M. Hanus, on the 
experiments described in the above article, tend 
ta prove as follows : 

1st, That the disposition of the exciting are, 
the most favourable to the galvanic effeéts, is 
thé one in which it is made to consist of three 
parts at least of a different nature, selected from 
among metals, water and humid substances, car- 
bonated substanees, and animal substances de- 
prived of the epidermis. 

adly, That the above arc appears, notwith- 
standing, to be efficacious in a certain degree, 
when it is merely formed of a simple substance 
of a suitable nature. 

3dly, That the smallest difference in the na- 
ture of the parts, is sufficient to restore the eff- 
ciency of which it has been deprived by the. 
identity of the substances. 

Athly, That it may be completed by substanees 
calculated to form the animal arc. 

5thly, That its efficiency may be suspended by 
the separation, or at least by a sufficient distance 
between the parts of which it 1s composed. 

Othly, That the smallest degree of humidity 

suffices 
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suffices to unite the parts of the exciting arc, 
and to determine the effects they are intended 
to produce on the animal arc. 

7thly, That the influence of the state of the 
atmosphere, and of the surrounding circum- 
stances, may be very powerful in the more of 
less successful production of the galvanic ee 
homena. 

8thly, That the experiments made on the ani- 
mal arc, and on the exciter, relatively to the 
comparative effects of animal substances, whether 
stripped, or covered by the epidermis; together — 
with those made on the epidermis itself, either 
in a dry or moistened state, seem to warrant the 


conclusion that the latter substance ought to be 


considered as one of those by which the effets 
of the exciting are are either weakened or inter- 
cepted. It is likewise, as well as the hair, and 
the bristles of certain animals, to be considered 
as belonging to the substances which partake of 

the nature of those denominated idio-ele€trical. 
gthly, That the substances which may be 
made to enter into the formation of the exciting 
arc, are, for the greater part, comprised among 
those which are classed as substances capable of 
being employed as conductors of electricity ; 
while those which tend to interrupt the arc, be- 
long, for the greater part, to the class of sub- 
stances -stiled idio-eleCtrical, or which are known 
Bb2 to 
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to retard the transmission of eleétricity. This 
proposition 1s, however, hable to great excep- 
tions, as has been demonstrated by the experi- 
ments made by M. Humzotpt. 

10thly and lastly, That the galvanic effect is 
in a certain ratio, not only to theenature of the 
parts of which the exciting arc is formed, and 
to their respective dispositions, but likewise to 
their extent, and more particularly to the size of 
the surfaces by which the effect itself appears to 
be transmitted. ) 

The third article of the report refers to the 
causes which are extraneous to the composition 
of the galvanic circle, as well as to the two ares 
of which it is composed, and which have, never- 
theless, an evident influence on the result of 
the experiments. ‘These causes and circum- ’ 
stances relate, in the first place, to the state it- 
sclf of the contraCtile parts of the animal, sub- 
jected to the experiment. Secondly, to the 
mode of producing the contact by which the 
communication is established. Thirdly, to the 
influence which thé experiments themselves have 
on each other, by the mere effect of their suc- 
cession. And, fourthly, to the media in which 
the operations are performed. The article which 
is now under consideration is thus divided inte 
four sections. The object of the first seétion 
. was especially proved by the result of the ex~ 
periments, 
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. periments, made either with an identity of all the 


parts of the exciting arc, or simply with that 
of the coatings. ‘The circumstances under which 
the susceptibility of the animal is diminished, 
gave rise to the ascertainment of several pheno- 
mena which would not otherwise have been ob- 
served, and the greater part of which are ex- 
posed in the second section, in which the in- 
fluence of the mode of the contact, on the suc- 
eess of the experiments, is discussed. The va- 


riations of the. contact are arranged as follows : 


First, a change is made in the disposition of a 
coating, or in that of the animal parts them- 
selves. Secondly, the communicator is either 
brought nearer to the parts, or made to recede 
from them. ‘Thirdly, the effect is produced by 
the rapidity of the contact, or by the hasty 
mode in which the communicator is withdrawn. 
Fourthly, it is produced by the simple change 
of contiguity, without any interruption of the 

contact. | 
The members of the commission having suc- 
cessively made a great diversity of experiments, 
relatively to the influence they have on each 
other, by the mere result of their succession, 
were soon convinced that several of them had so 
marked and decisive an effect, on the suscepti- - 
bility of the animal, that they seemed to deter- 
mine, in a yery sensible manner, either the suc- 
| Bb3 cess 
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cess or the failure of the experiments by which 
they were followed. The experiments had hi- 
therto been made in the common atmosphere ; 
but they now proceeded to a new series, made 
beneath the water, and in an electrical atmo- 
sphere, which proved that one of the conditions 
the most capable of influencing the success ef 
the experiments, consists in the nature of the 
media in which the processes are performed. 

The experiments detailed in the above article 
led to the following reflections: | 

ist, That the galvanic influence appears, under 
many circumstances, to be excited by exercise, 
to be exhausted by a continuance of motion, and 
to be recruited by repose. _ 

2dly, That the great variety of causes whee 
appear to influence the result of galvanic experi- 
ments, and to contribute either to their success 
or failure, require the utmost caution in pros 
nouncing affirmatively or negatively, unless a 
certainty has been acquired, that all the circum 
stances by which they are influenced have been 
duly appreciated. 

3dly, That one of the circumstances most di- 


yeCtly in proof of what has just been advanced, 


is the particular relative to the continuance of 
the galvanic spasm, when the communicator, 
held in the hand, appeared to be constantly. di- 


reGted. towards the same point of contac. On 
| , this 


| 
oF. 
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this occasion it was demonstrated, by the cessa- 
tion of the spasm at particular intervals, that 4 
real change had taken place in the contac, not- 
withstanding the apparent immobility of the com- 
municator. JF'rom hence, observes the reporter, 
it may be concluded, that the smallest change in 
the respective situations of the parts of the gal- 
vanic circle, and of the exciting arc, may pro- 
duce an effect on a susceptible animal, and influ- 
ence the successful issue of the experiment, un- 


less an attention be paid, in this respect, to the 


slightest variations. 

Athly, That the experiments relative to the 
connexion between the galvanic movements and 
the approach or retirement of the conductor, 
tend likewise to support the preceding proposi- 


tion, and prove that the shortest intervals of time 


ought not to be lost sight of, in experimenting, 
and should not only be observed collectively, 
but likewise studied in their succession, during 
the entire continuance of the operation. 

Sthly, That, in the formation of the exciting 
arc, there appear to be both enervating and 
corroborating dispositions, several of which not 
only possess a positive or negative influence at 
the moment, but likewise dispose the animal to 4 


greater or less degree of susceptibility in the 


experiments that ensue. 
Othly, That it is equally essential to the eX 
. Bb4 actitude 
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actitude of the experiments, and to their due 
appreciation, to ascertain the state of the animal, 
as well as the mode in which it has been kept 
until the moment of trial, and likewise the state 
of the atmosphere. 

7thly, and lastly, That it is a desirable obje& 
to physiologists, to arrange the different kinds of 
experiments in the order of their efficiency, and 
to form in this way a galvanic scale, which would 
lead to the ascertainment of the degree of sus- 
ceptibility residing in an animal, taken in such a 
state, and in such a disposition, as well as to a 
knowledge of the experiments to which it ought 
to be subjected, according to its more or less 
susceptible condition. Such a classification of 
the experiments would enable them to judge, 
how far the success or failure of an experiment 
might give rise to certain conclusions, absolutely 
negative or affirmative. | 

The fourth article of the report relates to 
experiments on the means of varying, enfeebling, 
and re-establishing the susceptibility of animals, 
in galvanic experiments. ‘To complete the clas- 
sification of the causes by which the success of 
the experiments may be influenced, it was like- 
“wise necessary to ascertain, independently of the 
circumstances which refer to the mode of operat- 
ing, to the state of the animal, and to the effects 
resulting from the intermediate bodies, the action 


of 
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of the different substances capable of developing 
or suspending the susceptibility of the nervous 
and muscular organs. ‘This article is composed 
of three sections, the object of the first of which 
is the influence of electricity on the susceptibility 
of animals subjected to galvanic trials. The se- 
cond considers the effects of several liquid sub- 
stances on the galvanic properties of the muscular 
organs. And the third treats of the influence of 
the different causes by which asphyxies are pro- 
duced on the galvanic effects. ‘This section is 
extracted from the experiments made at the 
school of Medicine in Paris. 
ist, A single experiment sufficed to demon- 
strate the property by which the electric: spark 
re-establishes the susceptibility of animals, ex- 
hausted by repeated experiments. 
adly, The liquids which were employed to 
ascertain the galvanic properties of the muscular 
organs, consisted of alcohol and the oxygenated 
muriatic acid, applied to organs exhausted by a 
series of experiments; together with solutions 
of potash and opium. In all the trials, the most 
efficacious metals, such as silver and zinc, were 
employed as coatings. ‘The experiments which 
had been made by M. Humsoxpr, and in repeat- 
ing which his processes were strictly followed, 
did not, however, afford results conformable to 
those 


& 
a 
a? 
py 


378 GALVANIC EXPERIMENTS MADE IN PARIS. 


those he had described. On this subje&t the 
above physiologist, who was present, observed to 
the members of the commission, that experiments 
of this nature, the object of which was to ascer- 
tain shades of difference more or less difficult to 
the perceptions, should have been made at a 

eolder season of the year. 
3dly, ‘The experiments described in the third 
section, relatively to the effects of asphyxies on 
the muscular organs, were made on animals with 
cold blood, some of which were brought into a 
state of asphyxy, either by submersion, by stran- 
gulation, or by the action of the different gases, 
while the others were made to perish in vacuo, or 
by the means of electrical discharges. ‘The ob- 
jet of these experiments was to make a relative 
comparison of each of the phenomena, and of 
each of the effects, of the different kinds of 
asphyxy, taking all possible care to ascertain, in 
the animals brought into that particular state, 
the condition of the muscular system, relatively 
to the effects of the galvanic influence. The 
experiments were made with an exciting are 
composed of three different metals; and the 
animals subjected to them, were rabbits and 
euinea-pigs, (cavia cobaya.) The state of the 
susceptibility of the nervous and muscular or- 
vans, presented a great variety of phenomena, 
} . according 
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according to the difference of the causes of the 
asphyxies, and the mode in which they operated. 
The following is a summary of the results. 

In the fiyvst place, the susceptibility was ens | 
tirely annihilated by asphyxies in the sulphurated 
hydrogen gas, and by those produced by the 

vapour of charcoal, by the submersion of the 
animal, and by its suspension by the hinder feet. 
Secondly, its progress was retarded by asphyxy in 
the pure car bonic acid, beneath a mercurial appa- 
ratus. ‘T hirdly, it was weakened, but not anni- 
hilated, in the case of asphyxies produced by the 
sulphurated hydrogen gas, after it had lost a por. 
tion of its sulphur; by the ammoniacal gas; by 
the azote gas; and by the gases exhausted by 
respiration. Fourthly, it remained in an un<— 
altered state, after asphyxies produced by a sub- 
mersion in mercury; by the effect of the pure 
hydrogen gas; by the carbonated hydrogen; by 
the oxygenated muriatic acid; by the sulphuric 
acid ; by strangulation; by the exhaustion of 
air in the pneumatic machine ; and by the dis- 
charges of an electrical battery. 

At the close of the inferences drawn from the 
experiments made on the comparative effects of 
asphyxies, are the refieCtions which result from 
these effets, and which tend to prove: 

ist, That if asphyxies in general resemble each 
other, by the privation of a respirable atmosphere, 

and 


{ 
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and by the suspension of the fun@ions of the 
lungs and of the circulation, they vary greatly in 
their other effects, according to the nature of 
the substances by which they are caused. 

adly, ‘That, among these causes, there are some 
which act very profoundly, penetrating, at the 
same moment, all the parts of the nervous and 
muscular systems ; while others have but a su- 
perficial action, and merely sea a pulmonary 
asphyxy. 

3dly, That one of the most remarkable changes 
consists in the variations to which the galvanic 
susceptibility is liable. 

Athly, That the state of muscular irritability, 
ascertained by the means of substances, the me- 
chanical action of which produces the contraction 
of the muscles, by irritating them, does not always 
correspond with the state of their susceptibility 
for galvanism. There is , indeed, in certain cases, 
a marked difference ee the two states. 

5thly, and lastly, That the causes of asphyxies 
do not act in the same manner, on all the parts 
of the muscular system: and that the heart is 
very frequently in a state entirely different from 
that of the other muscles. 

The fifth article of the report contains an 
account of several comparative trials between 
the galvanic and elediric phenomena. It 1s 

well known fa@, that it was owing to the 

obser 
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observation of the movements of frogs, at a cer- 
tain distance from an electrical machine from 
which sparks were drawn, that GALVANi was, 
as it were involuntarily, led to the important dis- 
covery which has smce occupied so much of the 
attention of naturalists. “Ihe members of the 
commission accordingly deemed it essential to 
examine the extent of the electric influence on 
the animals they were about to subject to gal- 
vanic experiments, before they should proceed to 
inquire into the effects of one of these influences 
on the phenomena produced by the other. The 
objeéts of these experiments therefore were to 


determine the susceptibility of animals for the 


influence of electricity, and to form a comparison 
between this susceptibility and that which they 
have for galvanism. ‘The greater part of these 
experiments, and more particularly those made in 
a watery medium, together with the results of 
those made with homogeneous coatings, and with 
the exciting arc, gave inductions which, in the 
opinion of the members of the commission, if 
they did not destroy, invalidated, at the least, a 


. great part of the theory of Voxra, relatively to 


the influence of the respective electricities of 
metals on the phenomena of galvanism. They, 
at the same time, seemed to strengthen the 
doubts which have been entertained, as to the 

identity 
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identity of the principles of eleGtricity and gals 
vanism. 

The sixth article of the report contains a de- 
tail of the experiments which were made, in the 
presence of the members of the commission, by 
M. Humegoxpt, and which are chiefly analogous 
to those detailed in the preceding articles. Their 
object was, in the first place, to ascertain the 
effect of the galvanic processes on the motions of 
the heart. Secondly, the effea of the ligature of 
the nerves. Thirdly, the effect of evaporable 
substances, introduced into the different parts of 
the exciting arc; and of the symmetry, either 
established or destroyed, between the parts by 
which the extremities of the above arc aré formed. 
Fourthly, the galvanic atmospheres: Fifthly, 
the substances which are powerful conductors of 
electricity, but which, nevértheless, suspend the 
galvanic commotion. Sixthly, the comparative 
mfluence of electricity, on the eleélrometer, and 
on the nervous and muscular organs. Seventhly, 
the indications of several of the experiments sug 
gested by M. Humzoxipr, the results ef which 
appeared to require new trials, the season in which 
they were made not having been favourable, for 
the three following reasons: First, because they 
require a great susceptibility in the animal. 
Secondly, because the time when this susceptibi- 
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lity is the greatest, is towards the close of the 
winter, or at the commencement of the spring, 
the epoch when the animals which were sub- 
jeted to the experiments, revive from their tor- 
pid state, and are on the point of copulating. 
And thirdly, because, when that epoch is past, 
and the period of copulation at an end, the sus- _ 
ceptibility is diminished. While the copulation 
is going on, it was stated by M. Humeotor, 
that it is, ceteris paribus, in the male frog, greater 
in the anterior extremities, with which the animal 
embraces the female, than in the posterior ex- 
-tremities; and that, at every season, it is in ge- 
neral greater in the females than in the males, 
_ more particularly in the hinder extremities. Se- 
-veral phenomena, announced by Humpoxprt, 
seemed to demonstrate that there are experi- . 
ments which do not succeed, unless at the time 

of the highest susceptibility in the animal. 
~The experiments to which we have referred, 
and the reflections annexed to each of the arti- 
cles, give a precise idea of the principal proper- 
ties by which the galvanic fluid is chara¢terized. 
They hold out the prospect of a vast field of ob- 
servations, in which a new system of phenomena 
appears to develope, in a new and varied light, 
the ensemble of beings endued with life, sensa- 
tion, and motion. According to these experi- 
ments, the galvanic phenomena seem to demons 
strate 


Ya 
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strate, in the animal organization, a principle the 
nature of which will, perhaps, be long unknown, 
but in which evidently resides the essence of the 
mutual agreements between the nervous and 
muscular systems. We may furthermore per- 
ceive the evidences of a sensible analogy between 
galvanism and ele¢tricity, in the mode in which 
the effects of this principle are propagated, be- 
tween the parts of the living animal; in its pro- 
gress, and in the instantaneous rapidity of its in- 
fluence; in the artificial means of communica- 
tion which it obeys; and in the relations of this 
communication with the two orders of sub- 
stances, by the former of which it is transmitted, 
while it is suspended by the latter. 

Whatever this analogy may be, it is evident, 
however, that it is as yet far from bearing the 
stamp of a perfect identity. Without entering, 
therefore, into any further reflections relative to 
the nature of the galvanic principle, it will suf- 
fice to observe, that the experiments by which it 
is pointed out to us, appear to demonstrate, with 
a new evidence, a phenomenon residing in the 
animal economy, already known, it is true, but 
which will in future be less difficult to appreciate. 
By this phenomenon we are taught, that the cha- 
racteristic marks of life may subsist, in an insu- 
lated way, in the different parts of the animal 
organization, for a long time beyond the term 

when 
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when the life of the totality of the parts is de- 
stroyed, and when the animal, consequently, 
ceases to exist, because the functions which main- 


tain the correspondence of the whole, and of the 
_ parts, namely, the respiration and the circulation 
of the blood, are no lenger performed. 


“¢ This is not all,” adds the reporter of the 
commission: ‘* By making us more intimately 
acquainted with the effects of the causes by 
which these functions are intercepted, and which 
either suspend or annihilate the life of the ani- 
mal, by the state of asphyxy they induce, the 
galvanic phenomena enable us to discover, be- 


tween their deleterious qualities, the distin¢tions 


dependent on the difference of the attacks which 
these causes make on the vital faculties, and the 
degrees of which refer, not only to the intensity, 
but likewise to the nature of their action. May 
not the acquisition of this knowledge hereafter 
lead us to the improvement, not only of the 
diagnostic, but even of the treatment of as- 


-phyxies ?”? 


To how many discoveries, in the practice of 
medicine, may not this principle lead ? Whatever 
is hypothetical in that science, has am unques- 
tionable utility, seeing that it contributes greatly 
to enlighten both the diagnostic and the prog- 
nostic. But the knowledge which is established 
on an experimental basis, followed up by reason- 

Vor 1. cc | ing, 
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ing, is infinitely superior. If there be an inti- 
mate connexion between the two, and if each of 
these acquirements has its relative value and ad- 
vantages, it must be agreed, at the same time, ~ 
that the former is rendered more perfect by the 
latter. It may therefore be said, that what is 
practically founded in medicine, is the comple- 
tion of the curative‘art. It is the only knowledge 
in which the generality of persons confide. 


CHAP, 


( 387 ) 


; CHTA®: “XII. 


7) 


_£xperiments made ly Professor Aup1n1 on cold: 


blooded animals—~He endeavours to combat the 
doétrine of Vouta, apparently with little success 
~—He is the first to excite convulsions in cold- 
blooded animals, by the influence of warm- 
blooded animals without the intervention of any 
metallic substance. e 


REPEATED mention has been made in 
this work, of Professor ALp1n1, nephew to the 
celebrated Gatvanrt. The following is a brief 
account of several of his most interesting experi- 
ments. 

About the middle of Otober of the last year, 
(1802) this naturalist made several experiments 
in presence of the Galvanic Society of Paris. It 
will suffice to recapitulate the principal pheno- 
mena which were observed. 

‘Ist, Several frogs, which had been recently 
prepared, successively exhibited the phenomenon 
of a very sensible contraction, without any me- 
tallic substance being mterposed, and by. the 


simple contact of the nerves with the muscles. 


adly, The animal arc was several times pro- 
duced, and made sensible, by similar disposi- 
cc 2 tions 
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tions to those detailed in the preceding experi- 
ment. 

3dly, Simultaneous muscular contractions were 
produced by the application of silver alone, in 
three frogs recently prepared, and placed, in the 
same direction, at the side of each other. ‘The 
experimenter being, however, desirous to prove 
that the fluid by which the animals were acted 
on, was not ascribable to metallic electricity, 
changed the position of the intermediate frog, by 
placing the guperior extremity of its trunk in a. 
parallel line to the. inferior extremities of the 
other frogs. A contraction being observed to 
ensue in the latter, without any such contrac- 
tion being noticed in the intermediate frog, it 
was necessarily concluded that, as the fluid did 
not take the shortest route of communication, 
it could not be the electric fluid contained in 
metals, one of the general laws of which does 
not allow it to deviate from that route. 

The results which were drawn from these facts 
and phenomena were as follows: 

ist, That in analogous experiments, the animal 
fluid supplies the place of the eleétric fluid pro- 
pagated by metals. 

adly, That this animal fluid needs no other 
conductor beside the organized parts of the 
animal. 

3dly, ‘That the nerves and muscles are the 

most 


. le ie eee BN a ed - Teel te ae en SP 
SS Gut Sree Seal Sn eS en et eS as 


Pe ease 


ALDINI’S GALVANIC EXPERIMENTS. 389 


most certain conductors of this fluid; and that, 
consequently, the experiments made, either on 
the nervous plexus, or on the origin of the nerves, 
cannot fail to present the most striking and de- 
cisive effects, 

Athly, and lastly, That the different metals, in 
whatever way they may be applied, in experi- 
ments analogous to the above, perform no other 
office.than that of favouring, in a greater or less 
degree, the propagation of the universal galvanic 
fluid, which penetrates ‘readily, in preference to 
all other fluids, the nervous and muscular parts 
of organized bodies. 

The following are the principal results of a 
series of experiments made by our naturalist 
about the same time, in the presence of the 
members of a commission appointed for that 
purpose by the French National Institute. 

ist, Having laid bare the sciatic nerves of a 
frog, in the customary manner, to the end that 
they might be subjected to the action of the 
coatings, and of the metallic circle, he brought 
in contact with the denudated nerves, the mus- 


cular parts of the thighs and paws of the animal. 


The contractions ensued in the same way as in 

the customary galvanic experiments. 
ddly, Holding the muscular parts of the thighs 
of the animal in one of his hands, he touched 
with a finger of the other hand the suspended 
cc3 nerves, 


390 ALDINI’S GALVANIC EXPERIMENTS. 


nerves. The contractions ensued in the same 
way as if the galvanic circle of metals had been 
formed. 

3dly, Having requested one of the company to 
hold a frog by its muscular parts, and applied his 
finger to the nerves, without giving his hand to 
the person in question, the contractions did not 
ensue. They were manifested, however, as soon 
as he presented his hand, the finger of the other 
hand being applied to the nerves of the frogs. 
This experiment was repeated on several of these 
animals. 3 : 

These experiments were shortly afterwards re- 
peated, with similar results, in London, at Mr. 
Witrson’s anatomical theatre, Great Windmill- 
street. On this occasion the ingeriious Mr, 
Curupertrson assisted Professor ALpINnr in ar~ _ 
ranging the apparatus ; and the anatomical pre- 
parations were furnished by Mr. Hurcuins, a 
medical student. A considerable concourse of 
persons of rank and fashion were assembled. 

It would appear from what has been stated 
above, and from what has since been attempted 
by Professor ALpin1, that he has long laboured 
under an apprehension, least the theory of his 
uncle, Garvan, should be lost in the blaze of 
Vo.tra’s discoveries. He has, therefore, endea- 
voured to support his relative’s doctrine, by a va- 
riety of experiments arranged with much inge- 

nuity. 
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nuity. Finding it to be too arduous a task to 
oppose, in a direct way, the principles of Voura, 
his attempts have been chiefly direfed to a re- 
conciliation of the two systems so diametrically 
opposite to each other. It cannot, however, be 
said that his efforts have been attended with all 
the success he expected to derive from them, 
ALDINI appears to be the first naturalist who has 
succeeded in exciting convulsions in cold-blooded 
animals, by the influence of warm-blooded ani- 
mals. Thus, Plate II. Fig. 1, represents; first, 
the head of an ox recently killed ; next, a finger 
of one of the hands of the operator moistened in 
salt and water, thrust into one of the ears; and 
lastly, a prepared frog in the other hand. On 
its spine touching the tongue of the ox, the con- 
vulsions were produced. : 

Our naturalist deduces from hence, that there 
is a galvanic fluid peculiar to the animal ma- 
chine, independently of the influence of metals, 
- or of any other foreign cause. So also, if a pre- 

pared frog be held by one hand moistened with 
salt and water, and the crural nerves be applied to 
the tip of the experimenter’s tongue, the con- 
vulsions will take place. 

A curious circumstance is noticed by Atpinr. 
A frog being held as above, if, instead of its being 
applied to the tongue, the moistened finger of 
the other hand be brought towards the crural 

cc4 nerves, 
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nerves, before the contact is effected, the above 
nerves are observed to approach the finger. 
Professor Fonrana has likewise noticed this phe- 
nomenon, and has promised to favour the world 
with his opinion on this interesting subject. 

Our naturalist now proceeds to shew that me- 
tals are in no way necessary, in the production of 
these effects. He, notwithstanding, allows that 
when heterogeneous metals are employed, the 
convulsions are more powerful. 


He has attempted to shew that a single metal 


_ will suffice, for instance, quicksilver, to produce 
“the electric phenomena. Votra denies the de- 


duction Anpinr has drawn; and observes that 
mercury, the surface of which is in a partial 
state of oxydation, constitutes in an electrical 
sense two different metals, the portion be- 
neath the oxydated surface answering to one of 
them, and the surface itself, thus altered, to the 
other. 

Axpint has introduced several experiments, to 
prove a degree of similarity in the Leyden jar, in 
the Voltaic pile, and in animal substances, rela- 
tively to the absorption of principles from the 
air. In this analogy he has erred considerably. 
The Leyden jar, when charged, far from absorb- 
ing any principles from the air, displaces an ade- 
quate bulk of that fluid, in consequence of the 
admission of electricity. When it is placed over 


water, 
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water, in proportion as the jar becomes uncharged 
by an exposure to such a conducting medium, 
the water necessarily rises within. This is not 
the case with the Voltaic pile, or with the ex- 
posure of animal substances, which absorb the 
oxygen from the atmospheric air. 

Professor Axpini details several experiments 
to shew the influence of galvanism on the vital 
powers. As they are without novelty, it is un- 
necessary to particularize them. He very erro- 
neously supposes, that the heart is not affected by 
galyvanism any more than any of the involuntary 
muscles. The contrary of this has been fully 
demonstrated by other naturalists. 

In the medical application of galvanism, as he 
has not had the advantage of a professional edu- 
cation, he has been much limited. The two 
cases of melancholy madness he has given, are, 
however, very curious, and well worthy the at- 
tention of medical persons. So far as his work 
refers to the influence of galvanism on the se- 
cretions, no practical deductions can be drawn, 
the cure of a diseased gland not being effected 
by any changes in the secretions, but by a change 
in the morbid action of the gland itself. 

Although our naturalist has not advanced any 
new principle, yet he has, with considerable in- 
genuity, elucidated Gatvani’s theory, by seve- 
ral curious and beautiful experiments. It does 

not 
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not appear that he has had all the justice done 
him by the philosophers on the Continent, which 
he appears to merit. 

In Plate Il. Fig. 1, the manner of producing 
convulsions in cold-blooded animals, by the influ- 
ence of warm-blooded animals, is represented. 
The right hand of the experimentalist is placed 
in the ear, previously moistened with salt and 
water, of an ox’s head, while in the other hand a 
prepared frog is suspended by the foot, and the 
sciatic nerves brought into contact with the ox’s 
tongue. In the muscles of the frog convulsions 
are immediately produced. 

Fig. 2, represents a prepared frog, suspended 
on a metallic wire, and, parallel to the animal, a 
metallic chain. When the receiver is exhausted 
of air, on pushing down the rod in such a way as 
that the nerve of the frog and the chain may 
touch the metallic plate at the bottom of the 
receiver, the frog is equally convulsed as in open 
air. 

Fig. 3, represents an experiment formed with a 
view to controvert the theory of Voira, as to the 
influence of dissimilar metals. ‘The glass ves- 
sel, A, contains mereury, on which a prepared 
frog is laid; the spine, B, being raised up by a 
thread, C, every time it is brought into contact 
with the mercury, the convulsions take place. 
Vide p. 140 of Aupini’s work. | 
fig. 
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Fig. 4, represents a living frog placed in an 
exhausted receiver, the animal being tied to a 
plate. of silver by a silken string, and having a 
piece of tin-foil on its back. As often as the 
circuit is completed the convulsions ensue. 


CHAP, 


( 396 ) 


CHAT? ATH: 


Review of the most interesting attempts which 
have been made, to apply the principle of gal- 
vanism to the cure of diseases. 


NOTWITHSTANDING the very interest- 
tg philosophical researches to which it has given 
rise, if galvanism had not been found to supply 
resources if particular diseases, and to suggest 
a more certain method of cure, it would have 
fallen itito speedy oblivion, and have shared the 
fate of mesmerism, and other more recent doc- 
trines, of greater curiosity than utility, with 
which several empirics have contrived to enrich 
themselves, and to delude society. If a zealous 
activity, and a constant perseverance, in gal- 
vanic experiments, directed towards the above — 
salutary aim, had been able to ensure a complete 
success; and if several particular accidents, de- 
pendent on the constitution and impatience. of 
the sick, together with certain circumstances 
which could neither be foreseen nor guarded 
against, had not frequently thwarted and changed, 
the nature of experiments which promised to be 
decisive, the healing art would long ago have 

been . 
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been enriched by a new and effectual method of 
cure. The physicians and naturalists who have 
combined their efforts, with this laudable inten- 
tion, would thus have diminished the number 
of the diseases which afflict humanity, or would, 
at the least, have afforded an effectual rehef in 
certain particular cases. 

This new tract of medical science has been 
pursued with more or less promptitude or slow- 
ness, and with a greater or less degree of suc- 
cess, according to the intelligence of the com- 
petitors. An unusual zeal has been latterly dis- 
played, in contriving the means to surmount the 
obstacles by which the progress of the discovery 


thas been retarded; and every thing may be 


effected by time. Some little dependence may 
also be placed on chance, a word which, how- 
ever it may be devoid of meaning, has, never- 
theless, made a conspicuous figure in almost 
every discovery, and in that of galvanism among 
others. How often, indeed, have experiments, 
repeated with a perseverance which has bor- 
dered on obstinacy, led to unexpected results, 
very different from those which were presumed. 
To direét those who may wish to prosecute 
new inquiries on galvanism, as it refers to the 
curative art, we shall take a summary view of 
whatever is most interesting on that head, in the 
researches which have already been made. It 
will 


898 APPLICATION OF GALVANISM TO MEDICINE. 


will be seen that they furnish, at the least, a few 
glimpses of the hope of success. We shall be- 
gin by an exposition of the ideas of the author 
of the discovery of galvanism, relatively to its 
application to the healing art. 

Tt was observed, at the commencement of this 
work, that the theory of Gatvani, notwith-” 
standing he had, in his endeavours to establish 
it, exhausted all the resources of his mventive 
genius, was unable to resist the multitude and 
evidence of the real and incontestible facts by 
which it was opposed, and, in a manner, over- 
whelmed. We shall now see whether he was 
more successful in the principal extensions he 
gave to his first hypothesis, in the investigation 
of the causes of diseases. If he was led away 
by his lively and ardent imagination, let it not 
be urged against him as a reproach ; and be it 
remembered, that the lapses of a celebrated man 
are constantly interesting, insomuch as they are 
lessons to posterity. | 

We shall now proceed to an inquiry into the 
‘particular ideas of Gatvanl, relative to the pro- 
duction of rheumatic affeClions, of the nervous 
sciatica, of convulsions, and of the tetanos. He 
endeavoured to account for the acute and lasting 
pams, with the muscular contractions inseparable 
from them, which accompany violent rheumatic 
affeCtions, and more particularly the nervous 
| sciatica, 
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sciatica, by ascribing them to extravasated hu- 
mours, become stagnant around the surface of 
the nerves, and acting, not only by the irritation 
caused by their presence, but likewise by a 
description of arc or coating, of a considerable 
extent, with which they furnish the electric fluid. 


In conformity to these ideas, he explained the 


causes of the frequent and fatal convulsions which 
are produced, wherever there is a collection of 
fluids, either between the brain and the pia ma- 
ter, or between that membrane and the dura _ 
mater, or in the ventricals of the brain, or be- 
tween the spinal marrow and the vertebral canal, 
or, lastly, between the nerves and their cover- 
ings. 

He was likewise of opinion that this pheno- 
menon might result from the changes produced 
in the layers of the non-condudting substance, 
with which, according to his hypothesis, the 
nerves are provided. ‘These layers, in the point 
of view in which he saw them, are changed, 
either by an extraordinary diminution of their 
thickness, or by a depravation carried to such an 
excess, that, from having been non-conductors, 
they become conductors, either wholly, or in 
part. It may be in this way comprehended, how 
it is that the electrical torrent, having found a 
passage through this substance, which it could 
not before permeate, must acquire a considerable 

| degree 
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degree of energy, and produce, by a mechanism 
of this nature, powerful and extraordinary con- 
tractions. ‘The tetanos is, according to Gax- 
vaNi, produced pretty nearly in the same man- 
ner. In this affection there is one peculiarity, 
namely, that the irritation of a single nerve 
suffices to excite a spasmodic rigidity throughout 
the whole extent of the muscular system, as is 
frequently seen after the puncture of a nerve. 
As soon as the spasmodic movements have been 
induced, the slightest agitation of the patient’s 
bed is sufficient for their reproduction. 

After having endeavoured to account for the 
mode in which the muscular movements are pro- 
duced, or augmented to an extraordinary degree, 
Gavvanr attempted to explain, by the same 
theory, the diametrically opposite state, or, what 
amounts to the same thing, the absolute loss of 
the contractile faculty, from whence paralysis 
results. ‘This disease he ascribed to the inter- 
position cf a non-conductmg body, which re- 
sists the passage of the electric fluid, from the 
muscle to the nerve, and from the nerve to the 
muscle. Now, this effect will, according to him, 
be produced as often as an unctuous substance, 
or any other non-conducting matter, shall ob- 
struct the nerves, or the membranes in which 
they are enveloped ; as often as an acrid and cor~ 
rosive humour shal! haye changed the texture 
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of the brain, and produced a congestion, &c; 
&c. He has agreed; however, that the palsies 
and apoplexies which are formed ‘slowly and by 
degrees, are the only ones which can be explained 
in this manner. In comparing the phenomena 
of apoplexies and epilepsies with the effects re- 
sulting from the application of artificial eleCtri- 
city to animals, he notices the striking analogy 
between them, and observes as follows :—* If 
artificial electricity be conveyed to the head, 
nerves; or spinal marrow of an animal, by the 
means of the conductor of a Leyden phial, para- 
lysis, apoplexy, and even death, will be induced, 
according as the phial is charged with a greater 
or less quantity of the electric fluid. If such 
effects result from common electricity, may it not 
be presumed that a sudden afflux of animal elec- 
tricity towards the brain, may be productive of 
the most fatal consequences ? May not the in- 
tensity of the diseases which ensue, be aug- 
mented, in these instances, by a change in the 
state of atmospherical electricity, more particu- 
larly when it is very abundant ;. seeing that, in 
such a condition of the atmosphere, the elec- 
tricity of animals likewise abounds, as is proved 
by the violent and reiterated agitations they un- 
dergo ?”’ | | 

It may readily be conceived that the cause 
which Ganvani has pointed out, will produce 
VOL: I. pd these 
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these effects more readily, as well as more speedily, 
provided it attacks the cerebral organ in a direct 
way, than if it aéts exclusively on the nerves. 
In the former case, idiopathic diseases will be 
produced, and in the latter, the diseases will be 
sympathetical. But, in either of these cases, the 
violence of the symptoms will be augmented, in 
proportion as the vitiated electrico-animal fluid 
shall have been accumulated in a greater abun- 
dance, either in the nervous, or in the muscular 
system. [tis beyond a doubt, that these dis- 
eases are peculiarly fatal in aged persons, on ac- 
count of the development which age produces in 
all the parts of the physical system, and, more 
especially, on account of the small portion of 
fluidity contained in the oleaginous substance of 
the nerves, as well as of a defective transpira~ _ 
tion. 

Gatvantr endeavoured to support his hypo- 
thesis by what is observed in epileptic patients, 
at the moment the fit is coming on. The greater 
part of them then feel, as it were, a current 
of air, which either ascends to the stomach from 
the abdomen, or rises from the inferior extre- 
mities towards the brain. They sometimes give 
notice of the attack to the persons by whom 
they are surrounded, insomuch that, if the fa- 
vourable moment be seized, and a strait ligature 
be made in the leg, the fit is frequently pre- 
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vented from coming on. Would it not appear 
that, by this application of the ligature, the 
transmission of the electrical current towards the 
brain is resisted ? 

We shall now see what was Gatyvani’s opi- 
nion relative to the modus operandi of remedies, 
and to the manner of administering electricity. 
Agreeably to his hypothesis, the good effects 
which result, in these cases, from the application 
of different remedies, as well as of artificial 
electricity, are to be ascribed to the mode of 
their action on the animal fluid, whatever may 
be the change produced in the state of that 
fluid. He was therefore persuaded that the phy- 
sician ought to govern his treatment by these 
indications. ‘To have a competent idea, for in- 
stance, of the different modes in which eled¢iri- 
city operates on the human body, it is necessary 
to pay attention to three particular circumstances, 
First, that artificial electricity acts promptly and 
violently on the animal economy, as happens in 
the experiment of the Leyden phial. Secondly, 
that it aéts in a slow and successive manner, and 
appears to combine itself with the fluids of the 
humid body, when the application of it, deno- 
minated the eleéric bath, is made. Thirdly and 
lastly, that it has a peculiar action, when a given 
quantity of the electric fluid is drawn from the 
system, as occurs when it is negatively employed. 

pd2 The 
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The convulsive movements depend almost im- 
variably, either on a vitiated and exuberant ani-— 
mal electricity, which, being excited by causes 
the nature of which is oftentimes very trivial, - 
is propelled towards the brain and the nerves ; 
of on certain acrid and stimulating principles, 
which transmit their action to the above organs. 
In the former of these cases, negative ele¢tri- 
city will, according to the opinion of GALvaNt, 
be found to be of the greatest efficacy ; and, in 
the latter, a preference ought to be given to 
positive electricity, taking particular care to direct 
its influence, in an immediate mrays to the dis- 
eased nerves. 

On these considerations he endeavours to de- 
tmonstrate that, in the treatment of convulsive 
diseases, nothing can be more important than to 
inquire, which of the two eleétricities, the posi- 
tive or the negative, it is most proper to em- 
ploy. The experiments which he made on this 
subject, prove that, when the atmosphere is over- 
charged with the electric flutd, there is constantly 
reason to suspect too great an abundance of ani- 
wal electricity ; and from hence arises the ne- 
cessity, before the treatment of diseases by elec- 
tricity is entered on, not only of subjecting the 
air to the test of electrometers, but likewise of 
paying attention to the state of the clouds, to 
the season, to the kind of wind which blows, to 

the 
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the lunar phases, &c. &c. It would appear by 
these experiments, that the mode which is pre- 
ferable to all others, when the negative elec- 
tricity is applied, is to establish a communication 
between the electric fluid which resides in the 
muscles of any given part, and the nerves of 
the part affected. This is the surest way to 
transmit the animal electricity from the muscles 
to the diseased nerves, and to expel the extra- 
neous substances by which they are irritated. 
GaALVANI afterwards expatiates on the advantages 
which may result from the application of at- 
mospherical electricity, in stormy weather. In 
doing this, however, every precaution ought to 
“be taken, and much prudence ebserved, in the 
mode of arming with conductors the diseased 
part. 

Without attaching to the above theory, as it 
relates to the application of elediricity to the 
cure of diseases, a greater importance than it 
merits, it is, notwithstanding, certain, that the 
experimental inquiries of Ganvanr on this sub- 
ject are not only conformable in their result with 
those of M. Maupuyt, published in the Me- 
moirs of the Royal Society of Medicine of Paris, 
but besides prove, that the influence of atmo- 
spherical electricity, and of artificial electricity, 
is infinitely greater than has been latterly thought. 
Let us therefore indulge a hope, that the data 
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which have been acquired as to its mode of ac- 
tion, resulting from the galvanic researches of 
the different physiologists, will throw much 
light on the various modes in which it may be 
administered with greater efficacy than hereto- 
fore.. They will, perhaps, in the sequel, develop 
the constant relations which subsist, between the 
variations of atmospherical electricity and the 
state of health, and between these variations and 
several diseases. 

The application of galvanism to the healing 
art, has not, as may readily be con} etured, escaped 
the attention of M. Crevsz. It is asserted by 
this celebrated naturalist, that he has employed 
galvanism, with a considerable degree of success, 
in distinguishing real death from apparent death, 
or asphyxy. On this subjeét he has published 
several very interesting details in his work on 
metallic irritation. He proposes to lay bare one 
of the muscles, for instance, the brachial biceps, 
or gastrocnemian, or even the great pectoral 
muscle, and to apply the silver and zinc, in a 
convenient form, to the muscular fibres them- 
selves, in such a way as that the galvanic are may 
be established.. If the fibres contraét, it is a 
proof that the irritability has not as yet been 
entirely destroyed; and, consequently, it cannot 
be asserted that the subject of the inquiry is 
really dead. But, should the contrary be the 


case, 
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case, there can be no longer any doubt of death 
having ensued. 

The three following objections may be made 
to the above doctrine. First, that a partial, 
death may exist in any one of the muscles pointed 
out, without being imparted to the rest of the 
body. Secondly, that the susceptibility to the 
galvanic stimulus may be annihilated, without 
the irritability being generally exhausted. And, 
thirdly, that the galvanic stimulus, applied in the 
mode prescribed by Crevs, is not the most pow 
erful stimulus known, since the electricity of a 
Leyden phial, and the galvanic battery, act still 
more forcibly. These objections, to which it 
would be difficult to reply, render the efficacy 
of the plan proposed by M. Creve very doubtful, 
as will be seen still more distinély in the analysis 


_ of Humegoxtpt’s production on the same subject. 
The galvanic stimulus has been proposed by 
Prarr in the treatment of several diseases, more 
particularly in that of the paralysis of the optic 
nerve. He speaks of the successful treatment of 

a case of hemiplegia, by the introdudtion of sil-_ 

ver into the mouth, and the application of a piece © 
of zinc to the palsied arm. ‘The communication 
was kept up, without interruption, for the space 
of twenty-four hours, at the end of which time 
the use of the limb was in some measure restored. 
To diminish, he observes, on the contrary, the 
pda irritable 
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irritable state, in several spasmodic affections, it 
is necessary to inverse the application of the 
metals. The zinc should then be stationed as 
near as possible to the central extremity of the 
nerves, and the silver laid on their peripheric 

terminations. : 
-Humeoipr’s communication on the applica- 
tion of galvanism to practical medicine, was ad- 
dressed to M. Loner. After five years of con- 
stant researches into the laws by which the phe- 
nomena of galvanism are governed, and into 
those which relate to the irritability of the ner- 
vous and muscular fibres, this celebrated physio- 
logist was certainly enabled to decide on the ap- 
plication of these phenomena to practical medi- 
cine, After having agreed with M. Loner, that 
the principal advantage of galvanic discoveries, 
consists less in its dire&t application to the de- 
rangements of the animal economy, than in the 
light it may throw on the nature of the nerves, 
and on the energy with which they are endued, 
he proceeds to observe that, in an age like the 
present, when a slow and progressive progress in 
the sciences is considered as a stationary state; 
in an age, in short, when a desire is manifested 
to collect the fruits before the flowers are formed, 
the experiments which have, from the moment 
they were conceived and made, promised a speedy 
and immediate application to the healing art, 
. cannot 
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cannot have failed to attract the particular atten- 
tion of the public, by whom such an application 
_ was in a manner anticipated, 

-. It is thus that galvanism has been occasionally 
recommended as the criterion of death, and at. 
other times as a powerful and salutary stimulus — 
in the diseases of the nerves. But, when an idea 
was in the first instance formed, of the electric 
fluid and its properties, was it not immediately 
thought that, in its action on the human body, 
it would supply a remedy for all the diseases to 
which it is subject? In the same way, after 
having noticed the galvanic phenomena, it has 
been latterly apprehended that two pieces of me- 
tal, employed in a particular way, would, as it 
were by enchantment, recall to life those who 
have perished by asphyxy, restore sight to the 
blind, re-establish, in all cases of paralysis, the 
use of the limbs, and, in a word, produce more 
salutary effects than the faculty have been enabled 
to obtain, from the multitude of chemical, me- 
chanical, and other remedies which have been - 
employed for so many ages, 

Our physiologist, who is not an enthusiast on 
this subje&t, examines coolly and without preju- 
dice, what the medica! science has a right to ex- 
pect from galvanism, and subjects to a rigorous 
analysis the opinions propounded on this sub- 
ject by the most distinguished naturalists. <‘ Let 

it 
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it not, however, be forgotten,” he observes, 
‘* that the science which is under our considera- 
tion, is still in its infancy, notwithstanding the 
time that has elapsed since its discovery. On the 
first occasion that soap-bubbles, filled with hy- 
drogen gas, were observed to rise rapidly towards 
the ceiling of an apartment, the spectators were 
far from imagining that this phenomenon would 
furnish man with the means of elevating himself 
in the air, and of hovering with security over the 
ocean itself.” 

The first question examined by M. Humgoipr 
is, whether galvanism may be employed to distin- 
guish the death which is merely apparent, from 
real death. At the time when a celebrated phy- 
sician, HlurELAND, pointed out the danger of 
precipitate interments, an expeétation was enter- 
tained that two pieces of metal, brought in con- 
tact with a nerve, would resolve the important 
problem of the lite or death of an individual, an 
hour after he had appeared to have breathed his 
last sigh. BruHrenps and Creve were the ear- 
liest to direct their mquiries to this subject, and 
to make experiments on dead bodies. Hymty. 
and Prarr strenuously combated the arguments 
and conclusions which the above naturalists drew 
from their experiments. ‘I have compared,” | 
says Humszouprt, ‘“ the facts related by Creve, 
with the results that have come to my particular 

know- 
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knowledge, and have found that my observations 
do not accord with his conclusions.”’ Our natu- 
ralist now proceeds to give the reasons which 
prevent him from considering galvanism as the 
true criterion of death. They are as follows : 
ist, That the electric fluid still enables us to 
perceive indications of irritability in a nerve, on 
which galvanism has not any sensible effect. 

‘Qdly, That the galvanic trials cannot be made 
otherwise than on certain determinate parts of 
the body, in which the irritability may be de- 
stroyed, without our being allowed to conclude 
from thence that it is also annihilated in every 
other part of the nervous system. 

3dly, ‘That there are cases in which galvanism 
appears suddenly to have no effect whatever, on 
organs which were a little time before highly sen- 
sible to its application, and which were even in a 
convulsed state after its action had ceased. 

Athly, That a possibility exists, of the parts 
which had been apparently deprived of their ir- 
ritability for some time, recovering it afterwards 
to a certain degree. Alkaline solutions produce, 
in highly irritable organs, effecis nearly similar 
to those which result from galvanism on those 
that are less so. It would therefore be very im- 
proper to consider that the organ in which alka- 
line substances do not produce any sensible 
movement, is absolutely deprived of its irritability ; 

and 
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and what is true respecting them, may be equally 
so respecting electrical and galvanic stimuli. 

Our author gives an account of several curious 
experiments, to which he paid the most scrupu- 
lous attention, made on different animals.. Their 
results have fully persuaded him that very slight 
electrical shocks sometimes stimulate muscles on 
which zinc and gold do not produce the smallest 
effect. He is persuaded that the irritated muscu- 
Jar fibre contracts in the form of an arc, and the 
inanimate fibre, in anfractuous lines. He endea-_ 
youred to ascertain, by another series of experi- 
ments, whether it would be possible, by some 
chemical mode, to re-establish the excitability of 
an organ which should have been deprived of it 
by powerful electric shocks. It results, accord- 
ing to his opinion, from the facts which he brings 
forward, that galvanic irritation cannot be con- ' 
sidered as the criterion of death, seeing that the 
vital principle may still preserve a certain share of 
energy, without our being enabled, by the means 
of galvanism, to ascertain its existence. How- 
ever intimate may be the connexion between the 
different organs of the animal body, it is not such, 
but that life may exist in each of them in a dif- 
ferent degree. Several accurate experiments, 
made by Hymuiy and ANscueEx, controvert the 
ope that the excitability is destroyed in every 
other part of the nervous system, because no 


effect 
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effect whatever can be produced on one or several 
nerves of a dead body, laid bare, and subjected 
to galvanic irritation. we 

-Humgotnr, after having given it as his opinion 
that an asphyxy destroys, for a short space of 
time, the irritability of the external parts, with- 
out diminishing that of the internal parts, ex- 
claims thus: ‘ Is it necessary, because the gal- 
vanic irritation is found not to produce exter- 
nally any sensible effect, to consider as dead the 
individual on whom the trial is made? May not 
an electrical commotion, made to pass through 
the heart, restore the pulsations of that viscus, 
which, by the means of the blood in the arteries, 
may still convey life to every part of the animal 
system ?” 

The most important objection to the opinion 
which is combated by Humgo.pr, is derived 
from the alternations of excitability, and from its 
return, after it has been apparently annihilated. . 
In a communication made to Hurenanp, Crevu 
has asserted that the return of the vital force im 
the animal body, after it has ceased to manifest 
itself, is altogether chimerical. According to this 
position, it is necessary to deny @ priori the 
effects relative to which observation alone can 
instruct us. It is necessary to give a flat con- 
tradiction to Humeoxtpr, when he asserts that, 
in the course of the experiments he has made, to 

ascertain 
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ascertain the effects of saline and other substances 
on the nervous and muscular fibres, he has more 
than a thousand times seen, that the weak stimu- 
lant of zinc and lead produced a powerful irrita- 
tion in organs on which, a few minutes before, | 
the more active stimulant of gold and zinc had 
not the smallest effect. He adds, that he has 
seen the irritability disappear in the same mus- 
cles, three or four times successively, and again 
manifest itself as often, while he was employed in 
bringing alternately into conta&t with them, 
opium, the arsenical oxyd, alcohol, musk, acids, 
and alkalis. 

This proves that the apprehensions of Hum- 
BOLDT were not unfounded,when he advanced that _ 
galvanism may lead to an: erroneous judgment, 
when it indicates death, where there is merely a 
more or less complete, or a more or less tran- 
sitory, want of irritability. He did not confine 
himself to cold-blooded animals, in prosecuting 
his trials; but, having directed his experiments 
to his own nerves, found that alkaline solutions, 
and the oxygenated muriatic acid, augment, in 
their case, the effect of galvanism, as powerfully 
as they do on those of frogs and fishes. ‘* Life,”’ 
he observes, “ is not a principle which can be 
annexed to the animal body, or readily separated 
from it at pleasure. The vital phenomena are 
the result of a certain organization of matter, 

the 
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the form and mixture of which are determined. 
This is: the reason why a change in the mass 
necessarily produces new phenomena; and it is 
perhaps true, that what we call a destruction of 
“excitability, arising from the commencement of 
the putrefactive process, is no other than a less 
degree of excitability.” a 
Although it would appear, from the experi- 
ments and reasonings of Humgzotpr, that gal- 
vanism cannot be considered as an infallible mean 
of distinguishing real from apparent death, still 
that naturalist is far from rejecting altogether the 
opinion of Creve, and the method proposed by 
him. He is, on the other hand, of opinion, that, 
without affording a complete certainty, the plan 
proposed by the latter holds out a prospect of 
probable success, which is not to be rejected 
under many circumstances, seeing that the ap- 
plication of it is very simple, and that it may be 
, a great resource, in every case in which it is im- 
possible to wait until the putrefaction has com- - 
menced, for instance, in actions, whether by land 
or by sea. He is by no means unfounded in his 
_ persuasion, that, after a combat, the surgeons are, 
too precipitate in the judgment they form, rela- 
tive to those who: have fallen, and on the cer- 
tainty of whose death they decide, because they 
have neither pulse nor respiration. The conse- 
quence is, that, m actions by land, they are left 
on 


a 
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on the field of battle, exposed to all the injuries 
of the air, until they are thrown into a ditch. 
Our naturalist is of opmion, that it might be the 
means of snatching many of these unfortunate 
victims from an untimely death, if the surgeons — 
of the fleets and armies were to be constantly 
provided with a galvanic apparatus, such as a 
simple lamina of silver, and another of zinc, with 
which, after having denudated the biceps muscle of 
the arm, or the gastrocnemiz muscles, they might, 
in a few minutes, and without any other prepara- 
tion, make an experiment on each of the bodies in 
which life is presumed to have been extinguished. 
The second question examined by HumzoiptT 
is, whether galvanism is capable of recalling to life 
the individuals in whom the vital principle ap- 
pears no longer to subsist. “The analogy between 
the action of galvanism, and that of electricity, 
on the organs of animals, has been established by 
a multiplicity of observations; and it was from 
the manifest resemblance between the galvanic 
.and electric phenomena, that Varxr conceived 
the idea of proposing the metallic. stimulus, 
which, according to him, possesses great efficacy. 
in the case of persons labouring under asphyxy. 
He sueceeded in bringing to hfe two pullets: 
which had been drowned, and were apparently 
dead. AnéscuEx was successful in several similar 
experiments, madeon frogs suffecated in hydrogen 


gas. 
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gas. SOEMMERING proposes to repeat these ex- 
periments on persons apparently dead, by pro- 
ducing an irritation on the phrenic nerve, which, 
on account of its openings into the ceeliac gan- 
glion, and into the recurrent and brachial nerves, 
excites a great number of sympathetic move-_ 
ments. Humsoipr very properly testifies his 
surprize, that Creve should not only condemn 
these experiments as totally inefficacious, but 
should also venture to assert, that the proposition 


brought forward by Varir and Sozmmerine, 
manifestly betrays, in both of them, a very small 


share of physiological, pathological, and thera- 
peutical knowledge. This he is very far from 
proving. . : 

A question intimately connected with the pre- 
ceding one, consists in knowing whether gal- 
vanism is to be regarded as a mean of curing the 
gutta serena, rheumatic affections, palsies of the 
extremities, &c. If the metallic stimulus has 
been found to be useful in dsphyxies, in which 
every part of the system, as well nervous as mus- 
cular, is in a palsied state, we may certainly be 
allowed to expect as favourable a result in cases 
of partial paralysis, such as certain affections of 
the stomach, of the eyes, and of the extremities 
of the cutaneous vessels. An objection made by 
Prarr to the application of galvanism, in para- 
lytic diseases, is, that they may be better com- 
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« 
bated by the electrical stimulus, the force of 
which may be augmented or diminished at plea- 
sure. But dees not this observation stri@ily ap- 
ply to the metallic stimulus? If experience has 
not as yet afforded us any precise information as 
to the relations which subsist between the effects 
of these two curative means ;—if it be true, in 
opposition to the generally received opinion, that 
the galvanic and electric phenomena are essen- 
tially different from each other, how is it possible 
to decide, a priori, that the action of both of 
them, on the animal fibre, is the same? A know- 
ledge of this subjeG@ will be acquired by a series 
of experiments made on palsied limbs, after vesi- 
catories have been applied to them, or arkiigia) 
ulcers produced in any other way. 

Galvanism promises to be very useful in rheu- 
matic affections, as well as im. the treatment of 
several other diseases, in the cure of which it has 
been often proposed to produce externally a dis- 
charge of the humours. Humsonpr observes 
that, in the experiments he repeatedly made on — 
himself, the secretion of the lymphatic humour 
continued as long as the galvanic irritation was 
kept up, on the ulcers formed by the vesicatories. 
What was still more extraordinary was, that the 
powers of the cutaneous vessels were augmented 
to such a degree, that the secretion continued for 
some time after the application of the metals had 


been 
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been discontinued. In a letter to our naturalist, 
Dr. AnscueEt observes, that the results of several 
similar experiments, which he tried on himself, 
were precisely the same. It would not be amiss 


to try the effect of electrical emanations on 


wounds made by blisters, and to compare it with 
that of galvanism. 

PrarrF has, with great sagacity, deduced from 
the galvanic experiments made by him, a mode of 
ascertaining whether the operation for the cata~- 
ract may be successfully perfeormed.. He ob- 
serves, at the same time, that this method is not. 
infallible, seeing that the flash of light produced 
by the galvanic stimulus, in the experiment of 
Mr. G. Hunter, of York, may not be manifested, 
although the retina still preserves.its sensibility. 
Humsoxpt observes that he has known several 
persons, in the case of whom the experiment de- 
scribed by Votra and Hunter has failed im pro- 
ducing the sudden coruscation of light, notwith- . 


_ standing their eyes were free from any blemish. 


This circumstance may, in the instance of cata- 
ract, give rise to a double uncertainty ; since, to 
draw a just conclusion from the experiment in 
question, it is necessary to know, .in the first 
place, whether the eye of the patient was sus- 
ceptible to the galvanic impression before he 
had been deprived of his sight; and, secondly, 
whether the privation of excitability, after the 
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loss of sight, depended on a defect of the retina, 
or of the optic nerve, or originated from a co- 
existing and accidental circumstance, such as an 
affection of the second branch of the fifth pair. 

- Galvanism has been attended by this important 
advantage to anatomists and physiologists, that it 
furnishes them with a sure method of distin- 
guishing the nerves from the other organs, and 
from the vessels more particularly. Humsoipt 
is of opmion that surgery cannot fail, in its theo- 
retical part at least, to derive great advantages 
from the method proposed. This is highly pro- 
bable ; but there is another benefit, of equal im- 
portance, to be derived from galvanic experi- 
ments, namely, a mode of estimating the degree 
of excitability of a nerve or a muscle. Our au- 
thor is persuaded that galvanism will never throw 
2 greater light on practical medicine, than when 
its doctrine shall be studied in this point of view. 

Undoubtedly, galvanism alone is not sufficient 
to guide us in the inextricable labyrinth of the 
phenomena resulting from the changes, the 
greater or less degree of the rapidity of which 
escapes our observation, that take place in the 
excitability of our organs. Provided, however, 
it may not lead us safely through all the mazes 
of physiological research, it will, at least, fur- 
nish us with aclue to many of them. “ All the 
experiments. T have made on this subject (ob- 
serves 


ee, NN ee z vw, si 


A Bele Sin ts Miva Lega al 


APPLICATION OF GALVANISM TO MEDICINE. 42} 


serves Humsoxpr, in concluding his letter), to- 
gether with the variety of facts which have been 
adduced, and which lead to observations of the 
highest importance relative to the Materia Me- 
dica and the chemical processes of vitality, would 
have been forever lost to me, had it not ,been 
for the attempts made to ascertain the state of 
the nerves, by the help of metallic irritation.” 
The above communication is without doubt 
replete with novel and interesting ideas, blended 
with conceptions which display great ingenuity. 
There are, however, different points on which 
the author merely touches, and on the subject 
of which it is to be wished that he had gone 


into some length of detail. He supposes them 


to be sufficiently understood; and, indeed, they 
may be so by those who have perused attentively 
the results of his experiments on the irritation 
of the muscular and nervous fibres. A know- 
ledge of the above work is indispensable to those 
who are engaged in the study of the fun¢tions 
of the animal economy. 

In a note relative to the treatment of paralysis 
by galvanism, inserted in the Journal de Phy-. 
sique *, a communication was noticed from Ber- 
lin, in which it is said that Dr. GrapeNnctesser, 


* Floreal, an. ix. p. 391. 
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whose curious experiments we havealready noticed 
in our analysis of Humsoxpt’s principal work, 
had, in conjunction with Professor Hers, ap- 
plied galvanism with success, in the treatment 
of the diseases which result from partial paralysis, 
or a debility of the nerves of any particular part. 
It was added, that they had also been successful 
in the treatment of cases of deafness, by means 
of the galvanic piles *. 

This note, which was of but little import at 
he time, has since become interesting, in con- 
equence of the appearance of a work by M. 
GRAPENGIESSER, on the employment of galvanism 
in the treatment of several diseases. The fol- 
lowing is a brief analysis of this work, which 
appeared in the German language. 

The author sets out by remarking that the 
piles which are composed of zinc, and gold or 
silver, are the most powerful, but that, in con- 
sequence of the extreme irregularity of their 
action, they ought not to be employed for any 
medical purpose. ‘Those which are composed of 
zine and copper are preferable to them, because 
their action, although weaker, is more constant 
and certain. : 


* A particular account of these piles will be given here- 
after. 
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{t will be here proper to observe, that one of 
the extremities of the pile is denominated the 
zine pole, the other the copper pole; and it has 
been ascertained that the electricity of the for- 
mer 1S positive, and that of the latter negative. 
The former produces an acid savour, and a red- 
dish stream of light; while an alkaline savour, 
and a blue stream of light, result from the latter. 

Humsotpr and Votta have noticed, in the 
dissection of the separate organs of living ani- 
mals, that ¢alvanism is a powerful resource, when 
an attempt is made to ascertain the seat of the 
nerves in their plexuses. We are assured by Dr. 
Gravenciesser, that this mean may likewise be 
employed.to indicate the distributions of the super- 
ficial nerves, for instance, of those of the nose and 
of aconsiderable portion of the face, by placing one 
of the extremities of the galvanic chain on the nasal 
membrane, and the other on a point of the skin © 
by which the frontal nerve is covered. It had 
been announced by Voura, and afterwards no- 
ticed by Humzo.tpr, in a letter written from 
America, that the phenomenon of the torpedo 
appears to be an effect of galvanism. - From all 
these considerations our author concludes, that, 
in living animals, the nerves are excellent con- 
ductors of galvanism ; that they are influenced 
by this agent in a mode very similar to that of 
electricity ; but that, notwithstanding, it appears 
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to penetrate more profoundly into the nervous 
plexuses, and to influence them in a more dura- 
ble and more local manner. The influence to 
be drawn from hence is, that the galvanic fluid 
is highly stimulating, and well calculated to de- 
termine the nervous action, in those particular 
cases of debility of the system, and of paralysis, 
in which common electricity is found to be in- 
efficacious, | 

Our author now proceeds to develop the num- 
berless varieties which are remarked in the effects, 
whether of the simple galvanic apparatus, or of 
the pile provided with conductors, which he dis- 
tinguishes by the name of battery. ‘These va- 
rieties depend on the nature of the poles; on 
the order in which the chain 1s established; on 
the degree of its extent, by which its continuity 
is occasionally destroyed ; on the duration of the 
galvanic application; and, which is of still more 
importance, on the temperament and immediate 
state of the nerves, in the individual on whom 
the experiment is made. 

Take a piece of zinc and a piece of silver, and 
let each of them be applied to a wound made by 
a vesicatory. ‘The wound which corresponds with 
the zinc will be the first to cease to furnish 
serosity, and will be soon covered by an eschar. 

If a moistened finger be applied to the zinc 
pole of a battery, as soon as the chain is closed, 

a sen- 
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a sensation is felt similar to the one caused by a 
blow given to the cubital nerve. But when the 
same finger is laid on the silver pole, a sensation 
is experienced similar to the one by which an in- 
flammatory swelling is accompanied. 

If, to the two auditory conduits, the conduc- 
dors of a battery be fitted, the one belonging to 
the zine pole will produce a tremulous motion 
in the organ with which it corresponds, accom- 
panied by marked irradiations, and by a buzzing. 
The other conductor will excite an acute pain. 

If the conductor of the zinc pole be made_ to 
correspond with the membrane of the nostrils, 
and if the moistened hand be laid on the other 
pole, a quick and shooting pain, almost insup- 
portable, will be felt in the nose, together with 
a strong desire to sneeze. The end of the other 
conductor, when substituted to the former in 
the nostrils, causes a pungent sensation of pain. 

The zine pole likewise produces, on the or- 
-gans of seeing and tasting, irritations of a much 
more powerful kind than those which result 
from the silver pole; and this happens, not only 
at the instant when the chains are completed, 
but likewise during the entire contmuance of 
their action. When they are destroyed, the 
effects are reversed. At that instant of time the 
most powerful impression is felt towards the sil- 
ver pole; but immediately after, without de- 

, stroying, 
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stroying, as Ricurer has asserted, the previously 
excited sensation, it proceeds towards the zinc. 
For instance, it frequently happens that the 
buzzing is prolonged, after the galvanic applica- 
tion has been discontinued; and it is by no 
means uncommon to feel, several hours after, 
towards the evening, and at the moment even of 
going to sleep, the return of the different im- 
pressions which the galvanic a@ion had occa~ 
sioned, more particularly, that of the flash of 
light which had been produced in the eyes. 

In the nature and degrees of the galvanic. 
commotions, and of the impressions by which 
they are followed, several variations, relatively 
to the points of the chain by which it is either 
completed or destroyed, have been noticed. .To 
remedy the defect of excitability in the nerves, 
resulting from the constant application of the 
same galvanic apparatus, it is sufficient to inter- 
vert the order of the parts of which the chain is 
composed. Finally, the conditions which refer 
to the temperaments, and to the state of the 
nerves, give rise to such a variety of shades and 
differences, in the phenomena in question, that 
a description of them would be impraéticable. 
They, notwithstanding, claim all the attention 
of medical practitioners. | 

Having entered into these considerations rela- 
tive to the action of galvanism, and its principal 

modi- 
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modifications, as being essential to its application 
to the treatment of diseases, Dr. GrapENGIESSER 
proceeds to the indication of those particular 
maladies in which it may be resorted to. Ac- 
cording to him, galvanism may be useful in the 
following cases : | 

ist, In palsies of the extremities, occasioned 
by the debility or cessation of the nervous action, 
and in those even which have been primarily 
determined by other causes, such as the compres- 
sion of the brain, the repercussion of an exanthe- 
matic affeG@ion, or a rheumatic affeGtion, when 
these causes have been advantageously combated 
by the usual means. 

adly, Galvanism is indicated in cases of a debi- 
lity of sight, and in the gutta serena, when these 
complaints are solely ascribable to a want of 
excitability in the optic nerve. It will readily be 
conceived, however, how essential it is to be fully 
assured of the nature of similar derangements in 
the organ of sight, previously to the application 
of so irritating a principle. 

3dly, It is calculated for deafness arising from 
a nervous debility, and for particular buzzings 
in the ears. In the case of deafness, the cause 
is sometimes very difficult to ascertain; but 
is invariably of the utmost importance. With 
respect to the latter symptom, when it arises, as 
frequently happens, from the galvanic applica- 

tion, 
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tion, it is not attended by any particular incon- 
venience, when it ceases with the operation itself, 
But when it continues for several hours after, it 
is a bad omen. In some cases this application 
produces in the ears, a sensation of sound similar 
to that of boiling water; to that of the whistling 
of the winds; of the ringing of bells; or of the 
loud chirping of birds. 
- Athly, Galvanism appears to be calculated for 
the treatment of hoarseness, and for that of 
aphony arising from a defect of nervous action, 
Should these symptoms follow an inflammation, 
or supervene after the fatigue occasioned either 
by singing or by.crying, it will suffice to make 
the application of the battery, or even of the 
simple apparatus, to the moistened skin. But if 
they should appear to be the result, either of 
catarrhal, exanthematous, rheumatic, arthritic, 
or venereal affections, the preferable mode would 
be, to apply the most simple apparatus to the 
wounds of vesicatories. It is true, that this ap- 
paratus acts less forcibly ; but it has this advan- 
tage, which is essential in the above cited cases, 
that the patient will be enabled to bear its action 
much longer. Our author adds, that the dis- 
eases of the larynx arising from a lymphatic affec- 
tion, are also calculated for the employment of 
galvanism, considered as a resolutive; but that 
it will be invariably necessary to employ at the 

same 
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same time the general remedies which the cir- 
cumstances of each particular case may indicate. 
5thly, The same means are unquestionably 
adapted to the treatment of paralysis of the 
sphincter ani, and of the urinary bladder. 

Othly, Dr. GrarencizgssER examines the ques- 
tion, whether galvanism may not be usefully em- 
ployed in asphyxy, which may be considered as a 
momentary paralysis. Humsoipr made several 
successful experiments with the simple apparatus ; 
and our author is of opinion, that effects still 
more decisive would result from the application 
of Vottra’s pile. 

He apprehends that galvanism may likewise be 
successfully employed, as a resolutive, in certain 
chronical cases of sciatica; in the white swell- 
ings of the joints; in tumors of the glands of 
the neck ; and in incipient cases of meliceris and 
atheroma. He observes that he derived some 
advantage from it, in acase of metastasis, accom- 
panied by inflammation, at the articulations of 
the elbow and thigh; but that he considers gal- 
yanism, which is in all cases a powerful stimulant 
of the vital forces, to be principally a powerful . 
mean to be employed, as an auxiliary at the 
least, in the treatment of many of the diseases of 
the nervous system. Independently of its stimu- 
lating action, when it is applied over yesicatories, 
it operates as a powerful derivative. 


After 
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After having thus given a list of the diseases 
in. which he thinks galvanism may be effica- 
ciously employed, our author describes the diffe- 
rent modes of its application, according to the 
nature and the seat of each of them. In almost 
every case he prefers the battery to the simple 
apparatus, as possessing a greater energy. 

In the paralysis of the extremities, he places 
the conduétors, either on the skin simply moist- 
ened, or laid bare by vesicatories, in such a way } 
as that the one which belongs to the zinc pole — 
may correspond with the trunk of the nerve, and 
the one belonging to the other pole, with its 
principal ramifications. He has discovered expe- 
rimentally, that this disposition of the conductors 
is the best ; and he has besides noticed, that, in 
particular cases, the excitability had been de- 
stroyed to such a degree by the paralysis, that it 
. beeame necessary to employ a pile of a hundred 
and fifty layers, to produce any effect. 

When the conductors are brought in contaé 
with the moistened skin, to which blistering 
plasters have been previously applied, the inva- 
riable, and somewhat durable effect of the gal- 
vanic action, is either to augment the secretion 
of the serosity flowing from the wounds, or to 
occasion a red depression of the skin, which is | 
soon followed by the formation of an eschar, 
without any discharge of blood haying ensued. 

ln 
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in every instance, its application tends to excite 
the vital forces in a very considerable degree, and. — 
to augment the local heat. 

In proportion to the sympathy subsisting be- 
tween the nasal nerve and the optic nerve, with 
a view to the production of a stimulus on the 
latter, in the case of a debility of sight, as well as 
in the gutta serena, the battery is disposed in. 
such a way, as that the conductor of the copper 
pole may be brought in contact with the mem- 
brane of the nostrils, while that of the zinc pole 
corresponds with a moistened, or denudated, part 
of the skin beneath which the frontal nerve 
passes. It should be noticed, that the metallic 
lamina by which one of the conductors is termi- 
nated, on being applied to the nasal membrane, 
is frequently productive of an almost insupport- 
able sensation, attended by excoriation. When 
this unpleasant circumstance occurs, the conduc- 
tor ought to be applied to the upper jaw, near 
the molares, or grinders. In doing this, how- 
ever, sO acute a pain is sometimes occasioned, 
that it becomes necessary to apply the conduc- 
tor to the moistened skin of the cheek, with 
which, it should be observed, its points of con- 
tact ought to be frequently changed. | 

The safest way of irritating the optic nerve, 
consists in placing the button by which the con- 
ductor of the copper pole is terminated, or, 

which 
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which is still better, that of the zine pole, on the 
cornea, which, conjointly with the humours of 
the eye, acts as a humid and conducting sub- 
stance, by transmitting the irritation to the retina 
itself. It is true, that this mode of application 
requires every possible precaution, seeing that, in 
consequence of the very violent stimulus it pro- 
duces on the organ of sight, an abundant secre- 
tion of tears ensues, accompanied occasionally by 
much redness of the conjun¢tive tunic, as well as_ 
by an insupportable pain of the ear. It is fre- 
quently followed, however, by contractions of the 
tris, which was before in a state of entire immo- 
bility. : 
In the diseases of the organ of hearing, if it 
should be proposed to subject the two ears to the 
galvanic action, the extremity of each of the 
condu¢tors should be provided with a metallic 
stem, contained in a glass tube, the bent extre- 
mity of which, armed with a button, and extend- 
ing beyond that of the tube, should be covered 
with linen, and introduced into the meatus audi- 
torius on either side. The above metallic stems, 
or rods, thus armed, should be left there for a 
few minutes, once or twice daily, taking care that 
the conductor of the zinc pole should correspond 
with the ear which is the dullest of hearing. 
The acoustic nerves being highly irritable, a sen- 
sation of sound is felt to a greater or less degree. 
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In some cases the irritation extends to the optic 
nerve itself, i | 

Another method consists in applying wneicciie 
ries behind the ears, and laying over the wounds 
made by them two small metallic surfaces, one 
of zinc, and the other of silver, fastened toge- 
ther by a chain of gold and silver. These pieces 
of metal, of the breadth of about a third of an 
inch, should be secured by a ribbon, and left on 
for the space of several hours. The invariable 
effet of them is to produce a great discharge of 
-serosity, and to occasion, on the zinc side, as 
eschar, the falling off of which is to be hastened 
by appropriate remedies, to the end that a similar 
application may be afterwards made. It some- 
times happens that the hearing is restored during 
the time the pieces of metal remain on_ the 
wounds made by the blistermg plasters. Our 
author acknowledges, jigs that the effect is 
rarely durable. 

When it is simply intended to excite the gal- 
yanic action on one: of the ears, the stem ax aes 
to the condu¢tor, as it has been described above, 
should be fitted on that side only. To complete 
the chain, it will be sufficient, to apply the 
moistened hand to the other pole of the pile; 
or to establish a correspondence between the 
second conductor and a vesicatory laid behind 
the diseased ear; or, which is still better, to ap- 
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ply the second conductor, provided with the 
stem which has been pointed out, behind the 
soft palate, or velum pendulum palati, to the 
eustachian valve. ‘This mode of application to a2 
single ear is the most powerful, and is, at the 
same time, not attended by any inconvenience. 

In the employment of galvanism in the case of 
a paralysis of the urinary bladder, the condu@or 
of the zinc pole ought to be introduced, in men; 
into the re€tum, and, in women, into the vagina, 
That of the other pole should be made to corre- 
spond with a vesicatory apphed over the os pubis. 

In hoarsenesses, in cases of aphony of a long 
standing, in obstruétions of the lymphatics, in 
glandular tumors of the neck, and in chronic 
rheumatisms, an application’ is made, either of 
the simple apparatus, or of the battery, with or 
without vesicatories, according to the cireum- 
stances. 

The following very interesting communication 
- on the efficacy of a galvanic belt, or chain, in the 
treatment of a fixed pain in the back and loins, 
was addressed to Mr. Titiocs, the learned pro- 
prietor and editor of the Philosophical Magazine, 
by Mr. Richarp Tren, jeweller, in Lancaster- 
court, Strand *. | 

The writer sets out by observing, that he had 


* Phil. Mag. vol. xii. ‘p, 105. 
not 
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not then (in Feb. 1802) found, in any publica- 
tion on ealvanism, that a material benefit, in the 
cure of diseases, had resulted from that discovery. 
He therefore begs to submit the following case to 
publie consideration, with the hope that others, 
labouring under similar complaints, will be in- 
duced to repeat his experiment, so as to derive 
from it as effectual a relief as he had himself ex- 
perienced. He proceeds as follows : 19 

‘‘ For a considerable time past I had been 
much troubled with a constant pain in the small of 
my back and loins, which, although it resembled 
the lumbago, was scarcely ever so violent. I was 


constantly most sensible of it after sitting long in 


a reclined or writing posture; insomuch that, if 
I arose suddenly, it was not without great diffi- 
culty. This complaint continued for eight or 
ten months; and, latterly, with increasing incon- 
venience. The idea of a galvanic belt, or chain, 
composed of zinc and copper, had often occurred 
to me, and I waited only in hopes of hearing that 
it had been successfully applied in similar cases ; 
but the experiments of scientific men having 
taken a different direction, I made a belt con- 


sisting of fifteen small square plates of zinc, each 


of them connected with two links of plated cop- 
per wire, fastening the two ends with a common 
hook and eye, so that there was a perfect chain, 
er circle, of metal, round my body, by which any 
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interruption of the electric fluid was prevented. 
I also covered about three parts of the chain with 
leather, leaving the remainder to come into con- 
tact with the part where I felt the most pain. 
I had not worn the belt twelve hours before I 
felt a sensible relief ; and the pain gradually left 
me. In three weeks I had not the least return, 
and, after having worn the belt three months, I 
concluded that it had answered all my expecta- 
tions. But, to place the experiment beyond the 
possibility of doubt, I discontinued it, and had no 
pain whatever in my back for two months, when, 
at length, I perceived the pain to return occa- 
sionally. I had again recourse to the belt, and 
am now wearing it. As occurred in the first in- 
stance, it has removed all pain from the part 
affected ; and I feel no inconvenience whatever. 

‘«‘ A short time after using the belt I observed 
a considerable oxydation on the zinc, which, I 
suppose, was occasioned by the perspirable matter 
from the skin, and which, I conclude, was the 
medium, or exciting agent, as is the case with 
the diluted nitric acid in the galvanic pile. By 
scraping off the oxyd, which I constantly did 
once in three or four days, I believe the effect 
became greater. 

** In giving you this plain, but circumstantial 
account, I trust that so valuable a discovery will 
not be slighted, but that unprejudiced persons 

will 
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will likewise make the trial; and I particularly 
recommend it to the attention of those who have 
complaints of the same kind.” 

An account is given by Mr. Sprencer, se Jena, 
of his method of administering galvanism in cases | 
of deafness. A small ball is applied to the ex- 
ternal orifice of the ear, and a much larger one 
is held in the patient’s hand. The communica. 
tion is then formed and interrupted alternately, . 
by the means of machinery, once in every se- 
cond, for about four minutes daily, for a fortnight 
or more. He asserts, that he has thus restored 
the sense of hearing to forty-five persons, and to. 
four of them that of smelling also, ‘Those who 
were completely deaf experienced relief, with , 
scarcely any exception; but a partial deafness 
did not appear to receive the same benefit. The 
ear was filled with wool, to prevent the patient 
from taking cold. The degree of benefit ob- 
tained was estimated by an instrument invented 
by Professor WotFE, in which a hammer falls 
from a certain point of a quadrant, so as to strike 
an elastic plate with a velocity capable of a pre- 
cise determination. ‘The above experiments re- 
late to so important a subject, that they ought 
not to be passed over without notice, however 
improbable it may appear that galvanism should 
have any material adyantage over electricity ex- 
cited by the common means, and however we 

rt 3 may 
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may be disposed to believe the reports made by 
other observers, that the relief is in general’in- 
considerable, and merely temporary. 

Several curious experiments, on the treatment 
of diseases by the means of galvanism, have been 
recently made by the members of the School of 
Medicine in Paris. The following is a brief state- 
ment of the one which appears to be most inte- 
resting. | 

The first consideration was the application 
of the effects of the pile of VorTa to the animal 
economy ; and the conclusions which were drawn 
were to this effect: 

ist, That, in the employment of the inet 
pile, the galvanic influence penetrates and affects 
the nervous and muscular organs, more pro- 
foundly than the common electrical apparatus, 
the latter being calculated by the iia: mea- 
sure of medical ele@tricity. 

2dly, That the effects of the pile produce pow- 
erful contraétions, and strong sensations of prick- 
ing and burning, in parts which are, by their 
diseased state, rendered insensible to sparks, and 
even to electrical shocks. 

3dly, That the duration of this a¢tion is ve 
as to warrant a hope that an efficacious excite- 
ment, capable of being successfully employed in 


the treatment of cases of paralysis, ie be found 
in the Voltaic pile. 


In 
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In the application of this apparatus it was 
likewise observed, that the effeéts produced ap=_ 
peared to be proportionate to the extent of the 
points of contact; insomuch that the most pow- 
erful excitation ensued, when the commotion was 
effected by the meeting of the conducters ema- 
nating from the galvanic pile, with metallic con- 
ductors fixed on the diseased part, the contact 
being of a greater or less extent. 

The experiment above alluded to was made 
under the immediate direction of M. Hatuz, a 
very intelligent naturalist, whose researches on 
galvanism we have had several times occasion to 
notice. We give the relation in his own words: 

sé A man, the whole of whose muscles on the 
left side of the face were in a palsied state, in 
consequence of a fluxion brought on by the 
action of cold, had been eleGrified several times, 
but felt neither sensation nor contraction when 
the spark was directed to the affected part. In- 
deed, he was scarcely sensible of a slight con- 
‘tration in the great zygomatic muscle, when the 
application of the electricity was made by com- 
motion. This individual was subjected to the 
galvanic action of a pile constructed with fifty 
metallic plates ; and a communication was esta- 
blished between different points of the diseased 
check and the two extremities of the pile, by 
the means of metallic chains and exciters. At 
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the instant of contaét, all the muscles of the face 
became contracted. The patient felt not only a 
pain, but a very disagreeable sensation of heat. 
The eye was convulsed; the tears flowed. invo- 
luntarily ; and a pain and swelling ensued at the 
different points which had been touched.” 

Such is the account which M. Haute gives of 
the first day’s treatment. What follows is ex- 
tracted from the journal of the case, as it was 
kept by M. Tuixiaye, one of the members of 
the School of Medicine. | 

At the end of the first galvanic agitate it 
was remarked, that the redness was more strongly 
marked than when electricity was employed ; and 
this redness was accompanied by a very visible 
swelling, with a slight degree of pain, and an 
augmentation of the discharge of the lachrymal 
humour; These symptoms disappeared, Rowsieh, 
a few minutes after. 3 

An observation which was made with great 
pleasure was, that the contraction was not of so 
short a duration as the one which resulted from 
. the electrical shock. This circumstance inspired, 
both in the patient, and in those by whom it was 
treated, a hope that, provided a complete cure 
should not be effected, the case would be miti- 
gated in a very considerable degree. In reality, 
after having continued the same application for 
some time, it was perceived that the mouth was 

not 
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not so distorted as before, and that the sight of 
the eye on the palsied side, was more perfe¢t. 
This progress towards recovery went on, in an. 
augmenting ratio, until the commencement of 
the third month, the number of the pieces of 
which the pile was composed, having, in this in- 
terval of time, been augmented to seventy-five: 
The phenomena which had been observed on the 
first application, were manifested on all the suc- 
cessive ones; and at the above epoch the mouth 
was, pretty nearly at least, in its natural position, 


_ the discharge of the lachrymal humour being at 


the same time very trivial, and the vision very 
distin... The muscles of the right side, however, 
counterbalanced those of the opposite side dur- 
ing their repose only; for when. the patient 
spoke, the mouth was drawn to the right side. 
Before we proceed further, it may be proper 


to particularize the symptoms of this case, when 


the galvanic treatment was commenced. The 
upper eye-lid on the palsied side, the left, could 
not be depressed below the level of the pupil. 
The inferior lid, drawn downwards, and in a 
manner reversed, displayed the conjunctive tunic 
by which it is internally covered. The tears 
were no longer retained by the eye-lids, thus 
separated from each other, and, having ceased to 
be directed towards the lachrymal orifices, fell 
continually on the cheek, 


The 
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The lips, which had taken an oblique direction, 
were elevated from the left to the right; and 
this distortion was augmented whenever the pa-~ 
tient opened his mouth to give utterance to his 
words. At these times the lower lip did not 
withdraw itself from the upper one, to afford a 
passage to the sounds of the voice. It should 
be added, that the cellular membrane, both of 
the eyelids and of the cheek, was surcharged 
with humours. i | 

The complaint having been negle¢ted for seve- 
ral days, the conjunctive tunic was become vio- 
lently inflamed. The eye was painful; the epi- 
phora, or impetus of the humours, was aug- 
mented, and the sight obscured. This latter 
effect was to be entirely ascribed to the abundance 
of the tears. The eye-lashes were glued together 
during the night, although the lids did not touch 
each other. 

From the above symptoms the ultimate effects 
of the galvanic trials will be best ascertained. 
At the end of six months, when the treatment 
was discontinued, the lower eyelid had ceased to 
be depressed, and was free from excoriation. 
‘The upper lid, however, did not descend suffi- 
ciently low to close the eye completely, msomuch 
that there was a small space of about two lines 
between the lids. There was scarcely any de- 
rivation of the humours; and the mouth was in 

its 
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its natural situation. It should be added, that 
a considerable meagreness of the affected side, 
prevented a due appreciation of the changes which 
had been brought about in the condition of the 
patient, who, however, found himself much better, 
Throughout the whole extent of the part affecled, 
he felt a greater sensibility than on the opposite 
side. 

An experiment, in which the same means were 
employed, was afterwards made on a youth of 
about seventeen or eighteen years of age, who 
had laboured under a slight deafness from his in- 
fancy upwards. ‘The short duration of the time, 
however, during which the patient was treated, 
and the difficulty of justly appreciating the sus- 
ceptibility of an ear affected by a slight deafness, 
are the reasons why the results were not parti- 
cularly noticed. 

- Inthe above application of galvanism to the 
human body, M. Harte remarked several very 
singular anomalies. ‘The pile was frequently a 
long time in communicating its effect, which, 
in other trials, was completely interrupted for 
the space of several seconds. It would appear 
that, in both these cases, the galvanic fluid met 
with some obstacle in its progress. Under these 
circumstances, it was sufficient, either to moisten 
the chain, to rub it, or to change the respective 
position of the rings, to establish the communi- 

ean. 
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cation. It was in general observed, that, with a 
view to the speedy production of the sensation, 
it was not simply necessary that the skin should 
be moistened with water, but that the fluid should 
have been made to permeate: its pores, until it 
was ina manner soaked. M. Hanze himself, as 
well as several other persons who consented to 
submit to the experiment, felt the kind of sen- 
sation which galvanism produces. It was, in 
their case, somewhat analogous to that which 
would have resulted from the punctures of several 
pins, if they had been forced at the same time 
into the skin. When the exciting arcs were 
applied to the vicinity of the salivary glands, 
a sharp pain was produced, accompanied by a 
sensation of heat, and a slight degree of metallic 
savour. : 

The following letter was recently addressed, 
by M. Oppermann, a medical student, to a phy- 
sician of Paris. 

“On the receipt of your letter, I nourished 
a hope that my father, provided he should not 
recover the complete use of the parts which had 
been attacked by paralysis, would at least recover | 
his speech, as I proposed to have a Voltaic pile 


constructed in a particular manner *. Having 
| made 


* The plates of zinc were soldered to the plates of copper, 


after the introdué€tion of a bit of cloth between each of them. 
The 
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made trial of it as soon as it was ready, I could 
not, in the first instance, perceive that it pro- 
duced any sensible effect, either on the palsied 
side of the tongue, or on any other of the parts 
affected. In the evening, however, after having 
returned the pile into its tin case, and introduced 
the latter into a tub filled with water, I placed 
the extremities of the fingers of the palsied arm 
in the fluid; and, by the means of a silver con- 
ductor, dire@ed several sparks to the side of the 
tongue which was not affected by paralysis. At 
the beginning the sparks had not any visible 
effect ; but on being repeated for some time, I 
was quite surprized to see a motion in the palsied 
fingers, at the same time that the tongue with- 
drew itself from the extremity of the conductor 
with a great degree of celerity. Being em- 
boldened by this early dawn of success, I applied 
the point of the conductor to the palsied side of 
the tongue. It was some time before I could 
obtain any satisfactory result ; but at length that 
side also was sensible to the effect of the sparks, 


The upper plate was provided, in the centre, with several 
needles of copper, and, at the circumference, with small aspe- 
rities of the same metal. This contrivance appeared to M. 
OprreRMANN to be much better adapted to the produdtion of 
sparks, and consequently to the effet he wished to produce, 
than if the surface of the upper plate had been smooth. 
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at the same time that the fingers moved re- 
peatedly. 

“On the following day, having tated the 
pile in the water, I resumed the process. My 
success was greater than that by which the first 
‘experiment was attended. The muscles of the 
palsied arm contracted pretty forcibly ; and the 
tongue, on the palsied side, gave evidences that 
it was extremely sensible to the effect of the 

machine. 

“< In the evening I repeated the above experi- 
ment, which I afterwards tried on the foot of the 
palsied inferior extremity. For this purpose I 
placed it in the water contained in the tub; and 
by the-means of a conductor of iron, established 
a communication between the pile and the tongue. 
This experiment succeeded perfectly well. 

«« On the third day I came to a resolution to . 
produce contractions in the muscles of the face, 
on the side affected by paralysis. To accomplish — 
this, I placed the point of the conductor on the 
parts of the face corresponding with the facial, 
infra-orbital, and inferior maxillary nerves, This 
experiment was attended by all the success I ex- 
pected to reap from it, the muscles contracting so 
forcibly as to cause a considerable degree of pain. 

‘¢ T afterwards varied the experiment, by ap- 
plying the extremity of the conductor to ulcers 
made by vesicatories which had been laid on the 

| parts 
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parts affected. In this instance I was likewise 
very successful. Since I had begun my galvanic __ 
experiments, I had occasion to remark, that the 
ulcers made by vesicatories applied to the hands 
and feet, suppurated extremely well ; and that it 


was not necessary to stimulate them, as before, 


by the application of fresh cantharides. 
© On the fourth and fifth days I continued my 
experiments, with a nearly similar effet. How- 
ever successful they may have been at the mo- 
ment, I dared not conclude that those which I 
should make in the sequel, would be sufficiently 
efficacious to subdue the disease, either wholly, 
or in part, because its attack had been extremely 
violent. I had, besides, occasion to notice, that 
as soon as the experiments were discontinued, 
the palsied parts returned to the state in which 
they had been before the galvanic application was 
made, and were imcapable of any movement. 
With respect to the tongue I had been very san- 
guine; but I could not find that I had hitherto 
gained any advantage on that score. 

** However, on the sixth day I resumed my 


, experiments, which I continued, without any 


interruption, for the space of a fortnight longer. 
My patient felt the most acute pains, when the 
point of the conductor was brought in contact 
with the ulcers made by the blistering plasters. 
In this case, a violent contraction was produced 

in 


448 APPLICATION OF GALVANISM TO MEDICINE. 


in the muscles, at the same time that the lower 
imb was raised. This phenomenon was like- 
wise displayed, whenever the point of the con- 
ductor was applied to the facial nerve, ais the 
hand was beneath the water. 

«In general, the sensibility returned to its 
natural state. I do not wish to deny but that 
it may have been exalted in an inconsiderable de- 
gree. The muscles have gained on the score of 
contractibility ; but in the inferior extremity only. 
It is certain that the patient moves the limb 
with greater facility. He begins to support him- 
self on his feet ; and I have reason to hope, that 
a well combined usage of the newly discovered 
principle of galvanism, may contribute to restore 
a part of its motion to the palsied arm.” 

** It is necessary that I should infor you, in 
this place, that at the commencement of the at- 
tack, the mouth was absolutely distorted, the 
tongue being at the same time drawn towards 
the left commissure of the lips, and the right 
side of the face flaccid, and destitute of feeling. 
Since the experiments have been made, the face: 
has resumed its natural state, the tongue its ordi- 
nary positioa, and the patient has articulated a 
few words. | 

‘«< T shall conclude my letter by the remark, 
that the copper employed in my pile was greatly 
oxydated; and shall likewise observe, that the 

galvanic 


APPLICATION OF GALVANISM TO MEDICINE. 44G 


galvanic effeCts were invariably in an inverse 
ratio to the amount of the oxydation. Accords 
ingly, after having, each night, dis-orydated my 
plates with an alkaline ley, the commotions were 
more powerful the next morning than they had 
been on the evening’s application. 

‘* ‘The water in which the column was plunged 
was in the first instance pure, but was afterwards 
saturated with muriate of soda, and, finally; with 
the muriate of ammonia. The galvanic. effects 
were more sensible in the latter case than when 
the muriate of soda was employed, at the same 
time that. this apes tapes had an evident: advan- 
i over pure water.’ 

The. details contained in the above iebters re- 
lative to the treatment of paralysis by the. gal- 
vanic pile, are both curious and satisfactory. 
We shall now extract the substance of a report, 
made by a very accurate observer, VassALui- 
Eanptr, on the action of galvanism, and on the 
application of this fluid, and of electricity, to 
medicine. 

Our naturalist commences by observing, that 
the above fluids, and the uses to which they may 
be applied, having become a common topic of 
conversation among well informed persons, and, 


-as constantly happens with new discoveries, their 


advantages having been exaggerated by some, and 
questioned by others, he had REAM called on by 
VOL. I. Gg an 
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an associate, M. Bossg, to resolve two questions 
on this subject. His reply to this myitation is 
as follows*: | 

‘¢ You asked me, in one of our late academic 
sittings, why, after so many experiments, made 
by the first philosophers of the last century, on 
the electric fluid, such a variety of opinions is 
entertained in regard to its medical action on the 
human body; and whether galvanism seems al- 
ready to promise results more useful to the heal- 
ing art. J shall here give you my opinion on 
these questions, or rather submit to you the in- 
ductions which different experiments, made by 
myself, or at which I was present, gave me rea-. 
son to deduce with more certainty than I durst 
venture to hope when I began to pay a serious 
attention to this object. ee 

** I consider galvanism as a modification of 
electricity—a modification which renders this 
fluid more active ; as the small flame separated by. 
the blow-pipe is far more ardent than the large 
one from which it is taken. I have read to the 
class-~, several experiments which seem to sup- 
port this comparison between electricity and gal- 
vanism. Animals which were only stunned by’ 
the strongest sparks from a magic picture, were 


~ * Philosophical Magazine, vol. xv. p. 330. 
+ Of exact sciences of the Academy of Turin. 
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killed in less than three minutes bes a very weak. 
degree of galvanism. 

** ‘The fluid of a pile composed of 25 plates of 
silver and zinc, of the size of a crown-piece, inter- 
mixed with pieces of pasteboard moistened in 
water saturated with muriate of ammonia, oxy- 
dates the metals in decomposing the water, while 
it is scarcely sensible in the fingers, and gives only 
small sparks. The brilliant eleGtric sparks which 
excite in our bodies a strong sensation of prick- 
ing, neither oxydate the metals, nor decompose 
the water, if they do not communicate a shock. 
Having made the galvanic current to pass through 
the body of a frog, its fluids were decomposed, 
and I saw it swell up so much, that it could no 
longer plunge into the water, though possessed 
of great vitality, which I never observed to be 
the case in frogs when tormented by strong 
' electric sparks. All these facts, to which many 
more of a similar kind might be added, confirm 
the great activity of galvanism when compared 
with electricity. Hence it results, that the fluid 
of the Voltaic pile may be very useful in cases in 
which common electricity would not have suffi- 
cient activity. You are acquainted with some 
of the experiments which I made in conjunétion 
with my colleagues Grutro and Rosst: we made 
others, still more interesting, which have deter- 
mined several physiological facts, before doubt- 

Gg2 fal 
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ful for want of being verified. We then tried an 
application of it in several diseases with the 
greatest success. ‘Three of the cases are as fol- 

low : 
‘« A lady, about thirty years of age, after severe 
pains in the head, lost the sight of the right eye. 
M. Rossi being consulted in regard to this ma- 
lady, after a close examination of the eye, which 
appeared to be as sound, and to look as well as 
the left, concluded that it must arise from a palsy 
of the optic nerve, or what is called a gutta serena, 
which suffered the patient to see only, as it were, 
through a thick mist. . What increased her 
misfortune was, that it deranged the sight of the 
other eye, so that she was always afraid of falling, 
not being able to distinguish well with the right 
eye the objects which she handled. Rossr being 
sick, sent her to me, that I might make an appli- 
cation of galvanism. I formed a pile of thirty 
pairs of plates, ike those already mentioned, and, 
employing gold wire as conductors, I caused the 
galvanic current to enter near the exterior angle 
ef the eye, and to issue sometimes at the eye- 
brow, sometimes by the ophthalmic branch which 
passes through the orbital foramen, and some- 
times near the interior angle of the same eye. 
‘The operation was very painful ; it caused abund- 
ance of tears to flow; but, after successive gal- 
vanic shocks for half an hour, the eye began to 
see 
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see a little better. That I might not fatigue my 
patient too much, and that Nature might have 
tame to act, the operation was suspended till the 
evening, when it was repeated for half an hour. 
The next day the eye began to distinguish the 
figure of bodies. Having repeated the operation 
for three days following, the lady was not only 
able to distinguish the figure of bodies, and 
people’s features, but also the pupils of their eyes. 
Before this operation, in consequence of a con- 
sultation with Dr. Joun Baprist Anrorint, first 
physician of the Hospital of la Charité, I had 
galvanized a young woman, twenty-seven years — 
of age, of a melancholy temperament, who, after 
some slight attacks, had a hemiplegia of the right 
side, which affected in particular the arm, the 
eheek, and the eye. The other symptoms were 
removed by bleeding and the use of the remedies 
usual in such cases; but the eye always remained 
fixed, with pains in the muscles. ‘The applica- 
tion of galvanism for ten minutes was sufficient 
to excite abundant tears, and a discharge of a 
watery fluid from the nose, on the side which 
had always been shut since the attack of the dis- 
order, at the same time that it greatly alleviated 
the pains of the muscles. She could even turn 
her eye to both sides; but she found great diffi- 
culty in raising or lowering it, with a sensation 
of heaviness all around the eye. ‘This operation 


G3 being 


A5A APPLICATION OF GALVANISM TO MEDICINE. 


being repeated, after the interval of a day, the eye 
acquired its former freedom of motion, and the 
patient was freed from every sensation of uneasi- 
ness. 

‘““ These two operations were performed in the 
presence of several persons, and executed almost 
entirely by M. Hyacintu Carena, lecturer on na- 
tural philosophy in the National College of Turin. 

“ The advantages of galvanism will appear to 
you still more decisive, by the cure of a person 
labouring under hydrophobia, performed lately 
by M. Rossr, who will give a full and complete 
account of it in a memoir, on which he is now 
employed. | 

‘«¢ A man, bit in the finger bya mad dog, came 
to consult him, in consequence of a pain which 
he felt in the arm, the back, and particularly the 
finger, which had been bitten more than a month. 
Acaustic applied to the finger removed the pain; 
but a few days after it returned, accompanied 
with symptoms of hydrophobia. The patient 
could no longer look at water without horror ; 
an inflammation in the throat prevented him 
from swallowing even chewed bread; and he 
experienced a strong propensity to bite those 
around him. | 

* In this state he was brought to M. Rossr, 
who, observing that he could not bear the sight 
of water, nor that even of shining bodies, pro- 

| vided 
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vided in another room a pile consisting of 50 
pairs of plates of silver and zinc, mtermixed with 
50 pieces of pasteboard moistened with a solution 
of muriate of ammonia. He employed slips of 
brown paper, moistened, as a conduétor, on which 
the naked feet of the patient were placed, and at 
the moment when he opened his mouth to bite, 
one end of the arc was thrust into it, while the 


other communicated with the pile. The patient. 
suffered a great deal from this operation, which, 


_after several shocks, weakened him so much that 
he could no longer support it. Being stretched 


put on the floor, be was then galvanized with. 


ease: the operation made the sweat run from 
him in drops. After some time Rossr caused the 
patient to be conveyed home, and gave orders 
that he should be brought back next day, to the 
end that the operation might be repeated. It 
was two o’clock in the afternoon when the patient 
was galvanized, and at six next morning he came 
to Rosst himself, to tell him that he was com- 
pletely cured, as he experienced no pain or diffi- 
culty of swallowing, and was entirely freed from 
‘his aversion to water and to liquids: no persua- 
‘sion, however, could induce him to submit to a 
‘new operation. 

‘“¢ But afew days after, some slight pains having 
given him reason to apprehend a new attack of 
hydrophobia, he returned to Rossi, who, by re- 

Gg4 peating 
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peating the operation, made all the symptoms 
disappear. ‘This cure was also effected in the 
presence of several persons. The patient was 
endowed with so great sensibility, that, for more 
than a month after, he felt in the shoulders a 
sensation of the galvanic shocks, which I expe- 
rienced only as far as the articulation of the fin- 
ger, though I am not one of the least sensible. 
You see by these trials, what are the advantages 
which may be hoped for from galvanism. I en- 
tertain no doubt that a mean so active may pre- 
serve from the grave many individuals, by gal- 
vanizing them at the moment, when the play of the 
vital organs is suspended by an accidental cause. 

‘«¢ This will become more evident by an expla- 
nation of the medical action of electricity on the 
human body. 

<< Several celebrated writers have classed elec- 
tricity among those remedies which are most 
certain and most active; others have shewn the 
inutility, and even danger, of this fluid, consi- 
dered as a remedy; and both seem to be sup- 
ported by well attested facts. 

‘¢ Nothing, however, can be more easily ex- 
plained than this apparent incongruity, if we re- 
fle&t, that most of those who have applied elec- 
tricity to medicine have been guided by quackery, 
without consulting the nature of the disease, or. 
of the agent which they employed. For this 
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- reason I stated in the memoir which is about to 
appear in the Transactions of the Academy *, 
that the greatest circumspetion should be ob- 
served in the use of galvanism, which, like elec- 
tricity, may be attended with bad consequences ; 
and I even advanced, that the latter, though a 
very, good remedy of itself, has done more hurt 
than good, by improper application. | 

“¢T shall not here speak of the chemical pro- - 
perties which, during the enthusiasm of novelty, 
have been ascribed to electricity, ‘such as that 
of transfusing into the human body the action of 
remedies inclosed in glass tubes, by rubbing it 
with them. 

‘It is well known that it is the fate of new 
discoveries to be exaggerated, so that their ad- 
versaries easily find reasons to oppose them. But 
after some time things come to their proper level; 
and being established on a more complete know- 
ledge of the agent, those well acquainted with 
the properties of electricity are able to distinguish 
the cases in which it may be administered with 
advantage, from those in which it would be pre- 
judicial. Of ten patients affected with the same 
disease, who undergo the same electric treat- 
ment, five may be entirely cured, and the other 
five be exceedingly ill. 


* Of Turin. Th 
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“* Those who are cured extol electricity as the 
best of remedies ; while those who have suffered, 
say that it only aggravates the evil. Both speak 
from correct experience, and at the same time 
right and wrong, from attempting too much to 
generalize; that is, because they do not distins 
guish the cause of the disease which requires or 
opposes the application of electricity. Thus the 
same pain, the sciatica* for example, may be 
occasioned either by a stagnation of the fluids, 
by their too great abundance, or by the want of 
re-action in the solids: it may arise also from 
organic defects; an alteration of the fluids; a 
poisonous, or, as it is called, acrid principle; or 
from a peculiar virus in the fluids. | | 

‘* The five patients who labour under a stagna- 
tion of the fluids, receive the greatest relief from 
ele&tricity, which puts them in motion; the 
other five, tormented by sciatica occasioned by 
vitiated humours, will grow worse under electric 
treatment, which will increase the acridity of the 
humours, carrying off a part of the water which 
kept the poison diluted. This theory of the 
effecis of electricity in the human body is founded _ 


* Dr. Baxzis observed to me, that sciatica of every kind may 
be accounted for without recurring to the hypothetic alteration 
of the fluids. I replied, that I wished only to compare my 
theory with the principal theories of sciatica, without concern- 
ing myself with their probability. 
. on 
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on the nature of this fluid, and on its properties, 
established by numerous experiments. The elee- 
tric fluid tends always to put itself into a state 
of equilibrium, and this tendency is so strong, 
that it penetrates to a certain distance in the air, 
and extends along idio-ele@tric bodies. It is this 
tendency which causes water, when electrified, to 
flow from capillary syphons, whereas a very few 
drops only flow without thisele@rization. It is by 
the same tendency that the electric spark, when 
it passes from one conducting body to another, — 
by non-conducting substances, carries with it, in 
its passage, conducting particles which serve it 
as a vehicle, if the solidity of the bodies does 
not oppose a very strong resistance. ‘This pro- 
perty, proved by the common effects of thunder, 
and by several experiments, serves to account 
for the great evaporation of electrified liquids, 
and for the greater perspiration of animals and 
vegetables which have been electrified. It is then 
evident, that, whenever a stagnation of the fluids 
takes place, if other symptoms do not oppose it, 
electricity will be a good remedy ; on the other 
hand, if the disease arises from vitiated fluids, or 
a virus diluted in them, electricity in this case, 
either by the evaporation of the diluting fluid, 
or by the greater alteration it may produce, will 
be hurtful. From what has been said, it is evi- 

dent 
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dent that electricity and galvanism ought to be 
employed with the greatest circumspection, and 
that the nature of the disease ought to be com- 
pared with the nature and properties of these 
fluids, to ascertain whether the application of 
them is proper or not. It is to be observed also, 
that this remedy, in consequence of its activity. 
may be dangerous, like all other remedies, how- 
ever good, if abused. . | 

“I could adduce several instances of misfor- 
tunes occasioned by the abuse of ele¢trization, 


even in cases in which, a little time before, it had 
been indicated ; but I shall mention only one fact 
im regard to galvanism:—A young woman was 
cured by galvanism of pains which she experi- 
enced in the muscles of the face. After the cure, 
having continued to galvanize herself, she did 
hurt, which increased with the application of the 
galvanism, and did not cease till she abandoned 
herself entirely to the powers of nature assisted 
by good nourishment. ‘The patient, then, who 
is incapable of forming a proper opinion respe¢t- 
ing the state of his health, should consult a good 
physician, one of those who do not despise na- 
tural philosophy and the new discoveries, in order 
that he may never suffer by the application of 
electricity or of galvanism, which, as BorrHAAVE 
a of another very active remedy, Mira pre-- 
slat 
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stat in multis incurabilibus; at prudenter @ pru- 
denti medico abstine si methodum nescis *.”’ 

The following observations on the danger of 
galvanism in the treatment of diseases, by M. 
Desmortiers, were lately pee before one of the 
learned societies of Paris. ae ‘p ae 
- © Scarcely” (observes the phe do we know 
how to construct the galvanic apparatus, at the 


same time that we are still ignorant of the na- 
ture of this extraordinary agent, than we intro- 


duce it rashly into the animal system, without 
foresceing the disorders of which it may be pro- 
ductive, and, consequently, without being ac- 
quainted with the means of applying a remedy 
to them. It is known that galvanism has the 


faculty of promptly reducing to a gelatinous 


state the muscular and tendinous parts ; and that 
it decomposes, with a singular energy, the ani- 
mal fluids. Those who subject themselves to its 
action, when it is either forcible, or prolonged 
to a certain extent, feel different indispositions, 
more or less violent, or of a longer or shorter 
duration, according to the differences of the 
temperament. It would therefore be prudent, be- 
fore an application be made of it to the living 
body, to’endeavour to ascertain, by direct ex- 
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perimerits, what changes it may occasion in the 
different principles of life.” 

This inquiry has been followed up by M. Dzs- 
MORTIERS, by particular experiments on urine, 
and on the bile. He observes i in Beppo 
tion as the fluids subject d to gals more 
compounded, the more ee “s are the ac . 
tion and re-action of their principles on— ‘metals, 
and of the latter on the fluids themselves. Thus, 
salt water possesses a greater energy than pure 
water, urine than salt water, and the bile, again, 
than urine. The disengagement of the gasecus 
fluid, in the case of the bile, is made with such 
a rapidity, that it darts out at intervals, in the 
form of the train of a firework, and presents to 
the eye a series of elongated corpuscles, which 


appear to be of a fibrous nature, as belonging 
to the mucous bodies amassed in a large quan- 
tity in the bilious secretion. As the latter ats 
powerfully on the metals, the process is attended 
by a very abundant precipitate, which the author 
describes with great precision, together with the 
changes which ensue on its being’ subjected to 
the action of the blow-pipe. 
Galvanism changes the weight and colour of 
animal fluids, according to the extrernity of the 
_ pile with which they are made to communicate. 
On this head our author proposes to continue his 
researches; and, in the mean time, he makes an 
observa- 
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observation, relative to the employment of gal- 
vanism, which it is essential to cite. He informs. 
us that, having on two occasions applied to his 
own temples the galvanic conductor S, he folk two 
powerful commotions. each of, tl : : 


my eyes, which are Ba very ue and in. 
which I almost constantly feel a sensation of 
heat, and a darting and acute pain, were en- 
tirely free from these unpleasant symptoms. This 
kind of sudden cure was not, however, lasting, 
and was soon followed by a degree of giddiness, 
and a slight pain in ag head, which did not go 
off till the evening.’ 

The above fact is cited by M. Desmorriers, 
to prove the danger of galvanism in its appli- 
cation to diseases; but as it is unaccompanied 
by the necessary details relative to the mode in 
which the application was made, and as the slight 
inconveniences he felt may have arisen from a 
particular cause of which he was not himself 
aware, his case can scarcely be deemed an autho- 
rity against the curative mean proposed, in the 
treatment of particular ophthalmic diseases by 
galvanism. 

In a communication subsequently made, he 
states. that he had subjected the urinary calculus 
to 
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to the galvanic action. A round, and very hard 
particle of gravel, weighing one grain, was to- 
tally dissolved in the space of twenty-four hours. 
Ween the same time, a ema of Teas 


“To Srolude by ¢ ar 
of the new curative mean, derivec : he aj 
cation of galvanism. From what has been hi- 
therto said on this subje&, it cannot but be Me | 
knowledged that the results of this application, 
in the treatment of diseases, have not béen alto- 
gether conclusive in favour of its efficacy. It has 
been seen above, however, that M. Creve as- 
serts his having employed: it successfully, in dis- 


| tinguishing real death from ‘apparent death, or 


asphyxy. It is true, that Humgotpr, in his let- 
ter to M. Lopgr, combats with very powerful 
arguments, the opinion of Crevz, and proves 
that a partial death may subsist in one of the 
muscles he has pointed out, without its being 
imparted to the rest of the body ; that the sus- 
ceptibility to the mechanical stimulus may be 
annihilated, without the irritability being in ge- 
neral exhausted ;' and, lastly, that the aac 
stimulus, applied in the manner described by 
CrevE, is not the most powerful known’stimulus, 
seeing that the electricity of the Leyden phial, 
and the Voltaic pile, act still more energetically. 

| These 
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These considerations, he observes, throw a cers 
tain degree of doubt on ~~ method pointe 1 out 
by Creve. . o 
It has been : 4 seen, that Prarr 


ays Biden i certain, he fecdinmenas 
the employment of the galvanic stimulus, as an 
expedient by which every doubt may be removed. 
f If, in the case of cataraG, in which its com- 
plication with amaurosis is not manifest, the 
application of two different exciters, in con- 
 formity to the well known process, does not 
produce any particular sensation in the eye, it 
is more than probable that amaurosis exists also. 
In the contrary event, it may be ascertained that 
this latter malady is not combined with the 
cataract. 

The hydrophobic case related by M. Vassatut- 
Eanpr, is, as well as the other details he has 
given, relatively to the treatment of diseases by 

' galvanism, extremely interesting ; as is likewise 
the cure of a case of lumbago by the galvanic 
belt contrived by our ingenious countryman Mr. 
_Terep. But the scientific world is more particue 
larly indebted to M. Humspotprt, who has en- 
riched his work, an extra@t from which we have 
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z ¥ 
~ given, with several very judicious applications of 
I; nism to plowphy. pathology, and thera- 

ties. ile shews. that the galvanic stimulus 
ery cl iegrble.» influence on the secre- 


viehich was attested by a “ae of vhenbtralee. 
Lastly, by the administr ation of a description of 
galvanic injection, which he effected by establish- y 
ing a communication, with zinc and silver, be- 
tween the mouth and the anus, he succeeded it "9 
bringing to life several small birds 3 in a state 
asphtyxy. 

. Without being too sanguine im our expecta~ 
tions, we may indulge a hope that galvanism will 
hereafter supply the means of discovering the 
signs of lite, still existing im man, when every 
appearance seems to indicate certain death. It 


‘~ aay 
‘ ie : 
* ind 


may not be improper to notice, however, that 

the effects which have been perceivedin the parts 

of certain animals, deprived of every sensation, 

and of all motion, have not been observed in 

those of man, in a similar state, when galvanism 

has been tried.. It is even more than probable, 

if we can judge by the precise knowledge we have. 
acquired, 


- acquired, re atively bo tire st dure of ie : 
the latter, ‘that the galvanic experiments: 


lear be made on them hereafter baat not 


sd by thos as a oie ion 


an ce with the science, venture on galvanic expe- ae 


riments. The author observes, that he has been 


‘successful in the treatment of several diseases by 


; electricity ; ; but that he has rarely given shocks. 
‘That the commotions produced by galvanism.are 
equally dangerous, he attempts to prove in the © 
following manner: “ It is well known,” he ob- 
serves, “that if a piece of silver be laid on the 
gums of the lower jaw, and a piece of zine on 
those of the upper jaw, phosphoric flashes of 
light are perceived, as often as the two pieces of 
metal are brought in contact. Well, a young 
man to whom I shewed this experiment, and 
who repeated it several times ‘successively on 
himself, had, for the space of twenty-four hours, 
so great a debility of the jaws, that he could 
scarcely masticate his food, his teeth appear. 
ing at the same time to be loose in their sockets. 
The necessary consequence of this experiment, 
Hh 2 | one 
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